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I. JZJNTRODUCTION 


A. PURPOSE OF THIS THESIS 

The interface formulated for the hardware described 
herein was develcped to provide a Intel 80/720 single board 
computer controller for the Micropolis 1223-1 hard disk 
unit. This system along with the interface will be available 
for the ongoing AEGIS aodéeling project at the Naval 
Postgraduate School. Furthermore the experience of wiring 
and programming a disk interface with a single board 
computer gave the author an opportunity to learn first hand 
about microcomputer hardware and programming technigues 


required for such a project. 


B. ORGANIZATION OF THIS THESIS 

This thesis is organized into descriptions of the 
hardware involved and the software required for a working 
Winchester disk interface. Additional attention is paid to 
the modification of an operating system to accomodate the 
Micropolis hard disk drive. Chapter 2 is a brief 
introduction into disk drives such as the Micropolis 1223-1. 
The operating characteristics, bus protocol and interface 


requirements are discussed in detail. Chapter 3 is a 








discription of the Intel 80/20 single board computer and 
it's interface capabilities, followed by a discussion of the 
Intel Microcomputer Developement System (MDS) and it's role 
in the interface construction. Chapter 4 covers the actual 
interface design used including modifications of the 
hardware and software to meet the bus protocol requirements 
for successful communications with the Winchester disk. 
this chapter will conclude with some recommendations 
concerning the implementation of the disk into the AEGIS 
modeling project. Chapter 5 pertains to some of the 
difficulties encountered and recommendations for future 
applications of the system in the AEGIS model. The 
appendices contain the programs developed as part of this 
thesis for initialization and verification of the disk, and 


a read/write routine. 
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It. THE MICROPOLIS 1223-1 WINCHESTER DISK 


A. OVERVIEW 

High performance,high quality,and large capacity hard 
disk drives are now a low cost reality for microcomputer 
systems. Most hard disks use Winchester nedia, head 
technology, and other modern techniques to achieve high 
density and high performance. The bottom line specifications 
for high volume storage units are cost, reliability, 
Capacity, and data access time. 

One of the most attractive reasons for using a 
Winchester disk over a floppy disk system is that of 
dramatically increased capacity. Whereas a typical double 
Sided double density floppy disk stores a maximum of 1.6 
Megabytes of data, the average midrange Winchester can hold 
almost 18 Megabytes. Accessing data on an 8-inch Winchester 
disk takes an average of 48.2 microseconds. Compare that 
with about 100 microseconds for a double density floppy 
disk. With a Winchester disk dirt, fingerprints, scratches, 
and medium surface interferences are almost nonexistant. 
Winchester units are completely sealed after having been 


manufactured under cleanroom conditions. 
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B. THE MICROPOLIS 8-INCH DISK DRIVE 

The model 1223-1 consist of a Micropolis fixed disk 
drive with an integral controller board. The 1223-1 has the 
same overall dimensions as an industry standard 8 inch 
flexible disk drive, has compatable mounting and requires 
the same D.C. supply voltages. The controller provides full 
data transfer and control facilities in six standard 
sectoring arrangements and can be attached to the host 
computer through a Simple bus-oriented interface. 

The Micropolis model selected for the AEGIS modeling 
group has 3 disk with 5 data surfaces, 580 tracks per data 
surface and a formatted capacity of 35.6 Megabytes. Each 
disk has been preset at the manufacturer for 24 sectors at 
512 bytes each sector. The controller has a single sector 
buffer mode for asynchronous transfers between host and 
controller. Full error checking and error recovery 
procedures are automatically performed. Error correction 
code (ECC) is provided to ensure high integrity. a 
specification summary can be seen in Table I. 

The 1223-1 ccntrcller makes use of the track/sector 
format shown in Figure 2.1. Tracks are divided into a number 


of sectors which contain a fixed blocklength of user data. 
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The beginning of each sector is identifed by a sector pulse 
from the disk drive. Fach track contains one spare sector 
which at the time of initialization can be made to fall over 
a defictive area of the track. 

The sectors are divided into an address field, a data 
Paedd , and a trailing gap area. Data is recorded aost 
Significant bit first where bit 7 is the most significant 
and bit zero the least significant of each byte. The address 
field contains a unique track/sector address and associated 
information. This field is written during initialize 
commands only. The preamble synchronizes the read circuits. 
The address mark identifies the beginning of an address 
field. There are two cylic redundancy checks (CRC) bytes, 
conputed from the contents of the address mark and bytes 0-3 


using the polynomial 


This polynomial catches all single and double errors, all 
errors with an odd number of zero bits, all burst errors of 
length 16 or,less, 99.997% of 17 bit error burst, and 
99.998% of 18 bit and longer bursts. [{Ref. 1] Bytes 0 thru 
3 contain the head, cylinder, and logical sector addresses. 


The data field contains user data for transfer to or from 
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TABLE I 


Specification Summary 


eae e eof We dieicio\\cicieclclelss «oes s -«J000 Cpm 
AVeLage Latency. oe ecccccccvcvcorcceSe 33 MSEC 
TLACK DENSITY. . 2 ce cc ccc ccc ccces oe A778 tpi 
O¥eitab we PEacWsS .0 666.5 ssc es wees 0 «580 

Access Time: 

ieee tO “pati, seers ies ee cc cee se ee 12 BSeC 
Average (1/3 stroke... cccccc cece oe 42 MSEC 
fem, SUGORSs ccc ec cesses eecc ccc ce oe9D BSEC 

BEG POrI RG mMs tod ss .scsisic ce ec eeee o hard 

mammer Of SECEOES. . 2 ccc esse e ose 30 dt 

Encoding Method... .sscvcccvsccce o ce EPM (R0d. 3PM) 
Data DEnSAty. ...ccccsecccccsseee 2 - 8623 Dpi 
Transfer RACES... ccc ccveccccccccce ee-922 KDyte/sec (max) 
Capacity (formatted) .......2..-6.2-35.6 Mbytes 


the host system. This data field contains the preamble, data 
mack, data, ECC, CRC, and postamble. The gap provides 


tolerance for disk speed variation. 


C. THE COMMANDS 
The command set is divided into three classes:(1) class 
one which is a ncendata transfer, (2) class two command which 


transfers data from the controller to the host and (3) class 
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three command that transfers data from the host to the 
centroller. Each data surface of the disk must be 
prerecorded with the desired format before normal use. The 
class one command or initialize command is used to 
initialize the tracks and verify the format. A user utility 
program is required to initialize then verify each track on 
the disk with the desired format. This program can be found 
in Appendix A. The class command byte coding can be seen in 
Pigure 2.2. Bits 0 &6 1 define the class, bits 2,3 and 4 are 
described in Figure 2.2, and bit 5 is not used. Bit 6 is the 
seek command and bit 7 sets the automatic retry. 

The class two read command involves data transfers from 
the controller to the host. The class two command byte 
coding can also be seen in Figure 2.2. The four basic 
commands specified by bits 2 and 3 can be executed ina 
number of different modes depending on the value of bits 
4-7, Table II provides a breakdown of the definitions of 
each bit of the class 2 command byte. 

The write command or class 3 commands pertain to data 
transfers from the host computer to the disk controller. The 
class three command byte coding can be seen in Figure 2.2 


Bits 4-7 have the same definitions as they did for the read 
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TABLE If 


Read Command Byte 


Bases OF. «sscccesoeeoom Class 2 code. 
Batis) 2p3eien sss. se-  COMMANd code: 
=1. 2.222 00066--COrrection. The contents 
of the sector buffer undergo 
a correction attempt. 
=2. cece eee2--Read with address check 
override. 
=3. ccc cccee es NOrMal read. 


BEt Ye eccceccee ee Track. Selects logical or phy- 
Sical sector sequencing. 

Bet Se cee ce eeeee -SeLects direct/buffered mode. 

Bat Ge 000 oe 00 see e SCCK. 

Bit Te cccee cece -AUtOmatic retry override. 


command byte. Bits 0,1 contain a 03H identifying the class 
command. Bit 2 selects the write or verify command. If bit 2 
2s equal to one it is the write command. Host data is 
transferred to the controller and is written onto the disk 
in the mode specified by bits 3-7. Automatic rewrites occur 
if bit 3 isa 1. If bit 2 equal 0 implies the verify 
command. Host data is compared byte-for-byte against data 


read from the disk. This command is normally used directly 
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CMD= 0 DR. STATUS 4 INIT. TRACK 
1 SEEK ONLY 5 VERIFY FORMAT 
2 READ HEADER 6 INIT. & VERIFY 
3 RESTORE 7 FAULT RESET 





CMD CODE= 0 CORRECT 
1 READ WITH DCO 
2 READ WITH ACO 
3 NORMAL READ 


R}S 
TIE 
OF E 

K 


WRITE= 0 VERIFY 
1 WRITE 






Pigure 2.2. Class Command Byte Coding 
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after awrite command to verify that the data has been 
correctly recorded. Bit 3 fcr write commands is an automatic 
read-after-write process performed as each sector is 


written. 


D. PARAMETER AND TERMINATION BYTES 

The Micropolis Winchester disk reguires six parameter 
bytes for transmitting address data. The six parameter bytes 
contain address and control infromation associated with each 
command. All parameter bytes must be transmitted to disk 
controller even though some may not be used. A brief 
description of each parameter byte can be seen in Table III. 

The next byte to be presented is the termination status 
byte. This byte is made available by the disk controller at 
the end of each command, and contains an error code which 
identifies an error condition that may have occurred during 
the command. If zero, the command has’ been successfully 
completed; if nen-zero the code value indicates the reason 


for termination. 


E.- BUS PROTOCOL 


1. General Operation 


A command on the Micropolis disk is initiated by 


writing a command byte to the control port, followed by the 
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TABLE IIL 
Parameter Bytes 
Parameter 1.....2....eHead Address, Unit Address 
Parameter 2...ec+e+e-LSB of Cylinder Address 
Parameter 3....2...2-eMSB of Cylinder Address 
Parameter 4..........Starting Sector Address 


Parameter 5...+ccee-e-Sector Spacing Code 
Parameter 6.........eSpare Sector Location 


Six parameter bytes, described in the previous section, and 
a GO byte to the data port of the controller. The command 
bytes specifies the type of command, while the parameter 
bytes contain the associated address information. The GO 
byte causes the command to be executed and may contain any 
value. All eight bytes must be transmitted to the controller 
even though some are not used in certain commands. The use 
of the GO byte in the command protocol allows the host to 
ensure the contrcller has correctly received the command and 
parameter bytes prior to execution. As each of the command 
and parameter bytes is received by the controller it is 
copied into the centroller's input buffer and made available 
+o the host. When the GO kyte is received, the controller 
goes busy and proceeds to execute the command. Data 
transfers between the host/controllerydisk take place as 


required. 
20 





ae Hest 1/0 Protocol 


Figures 2.3,2.4,2.5 show the IvO bus protocol that 
must be performed by the host to successfully communicate 
were the controller. This may be implemented in any 
combination of hardware/software. The READ data and WRITE 
data transfer loops given in Figure 2.4 are implemented when 
the data transfers are performed by a relatively slow host 
(i.e., in programmed I/O mode by a microprocessor, for 
example). This protocol applies when transfers are performed 


in buffered mode. 


F. MICROPOLIS INTERFACE REQUIREMENTS 

The host interface to the 1223 is made through a 34 pin 
edge connector. Pinouts and timing requirements are shown ia 
Figures 2.6,2./7. The interface is structured around an 8 
bit bidirectional bus and the three control signals WSTR, 
RSTR, and DATA. Information is output to either a control 
(command) or data port using write strobe(WSTR), aad input 
from a control(status) or data port using read strobe(RSTR). 
DATA selects the port in use. These exchanges are controlied 


by the host making use of handshake flags in the status 


21 








DISK I/O 
NO 


[sas / 
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YES 


WRITE 


CMD 
TL PORT 





WRITE 
GO BYTE 
DATA PT. 


NO 






LODLKAD 
READ WRITE 
DATA DATA 
WAIT 
STATUS 


Figure 2.3. Host I/O Protocol 
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Figure 2.4. 
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GET DATA 
FROM BUFF. 





Read/Write Protocol 
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YES 


READ 
DATA 
PORT 


EXIT 


Figure 2.5. 
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DATA 
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SAVE 
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Command VWerify/Wait Status Protocol 





TABLE IV 


Status Byte 


Bit 0..........Input ready (IRDY). Input buffer 
contains a byte for the host. 

Bit 1..........O0utput ready (ORDY). Host may out- 
put a byte. 

Beet 2..000 0086 eAlways=1 

Blt 3.222.206 (RESErvVed) 

ere Ais. wees ote iC BUSY, 

Bee Dee ces cose s DRED See Table V. 

Bee O csc cc ces o OUT 

Bisee ess ss oc of Re 


byte. The status byte is accessed by reading from the 
control port. It contains controller status information 
which coordinates the exchange of information with the host. 
The status byte coding can be seen in Figure 2.8 and the 
description of the individual bits are summarized in Table 
IV The interface signals described in Figure 2.6 are defined 
in Table V With the knowledge of the interface requirements 
presented in this section 1t is now necessary to look at the 


host computer and it's reguirements for an interface. 
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TABLE V 


Interface Signals 


SEL. eceeee eee Selects the addressed disk controller 

ENABLE.....-.-NOrmally held true. Used for progran- 
med reset. 

BUSO-7.......Bidirectional tristate 8 line bus. 

WEIR wcsce es MELHe Strobe. 

RSTR...2.02--Read strobe. 

DATA....+-.-.-5elects the control or data port. 

CBUSY/.......Controller busy. Cleared when con- 
mand issued, set when command is 
terminated. 

ATTN. ..2+2--eAttention. Set true at the end of 
each command when CBUSY/ changes. 

DREQ.....-.-e-Data reguest. This flag requests the 
transfer of each byte of user data 
to/from the controller. 

OUT.....2----Specifies the direction of data transfer. 
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J101 
CONNECTOR PIN 
SIG GND N AM D RI PTION OLA 
ei ee NUN Se Ft 


(most significant) Host/Controller 


Bi- 
Directional 
Data 

Bus 


(least significant) Host/Controller 


(Reserved ) ---- 
Attention Controller 
DATA/CONTROL SELECT 

READ STROBE 

WRITE STROBE 

CONTROLLER ENABLE 

CONTROLLER SELECT 

CONTROLLER BUSY 


DATA REQUEST 





DIRECTION of DATA TRANSFER |CONTROLLER 


Figure 2.6. Host Interface Pinout 
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Ifil. THE INTEL 80/20 SBC 


A. SBC CHARACTERISTICS 

For the purpcse of this thesis the author feels a brief 
general description of the Intel 80/20-4 is in order. This 
1s followed by a more in depth presentation of its* tI/0 
Capabilities which will prove more useful in the actual 
interface design that follows. 

The SBC 80/720-4 is a member of [Intel's line of 
self-contained computers based on the powerful 8-bit 
n-channel MOS 8080A CPU. The SBC 80/720-4 is a complete 
computezt system on a single 6.75 by 12 inch printed circuit 
board. The CPU, system clock, read/write memory, nonvolatile 
read only memory, I/O ports and drivers, serial 
communications interface,interval timer, bus control logic 
and drivers all reside on the board. The 8080A has a 16 bit 
program counter which allows direct addressing of up to 64K 
bytes of memory. An external stack, located within any 
portion of memory, may be used as a last in/first out stack 
to store and retrieve the contents of the program counter, 
flags, accumulator and all of the six general purpose 
registers. A sixteen bit stack pointer controls the 


addressing of this external stack. Sixteen line address and 
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eight line bidirectional data buses are used to facilitate 
easy interface to memory and I/0o. 

A programmable serial communications interface using 
Intel's 8251 Universal Synchronous/Asynchronous 
Recéiver/Transmitter (USART) is contained on the board. The 
USART can be programmed by the system's software to provide 
virtually any serial data transmission technique presently 
in use. The 8251 provides full duplex, double buffered 


transmisSion and receive capability. 


The SBC contains 48 programmable parallel I/O lines 
implemented uSing two Intel 8255 Programmable Peripheral 
Interface (PPI) devices. The software is used to configure 
the I/O lines in combinations of unidirectional 
input/output, and bidirectional ports. Therefore, the I/0 
interface may be customized to meet specified peripheral 
requirements. In order to take advantage of the large 
number of possible I/O configurations, sockets are provided 


for interchangearle IvyO line drivers and terminators. 


Be. SBC INTERFACE REQUIREMENTS 
le e 8 0 +3 
For the interface considerations presented in the 


preceding sections the disk controller dictates an 8 bit 
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bidirectional bus for data transfer. With this constraint in 
mind only the 8255 PPI need be discussed in detail. 

The parallel I/0 interface logic on the SBC 80/20-4 
provides 48 signial lines for the transfer and control of 
data to or from the peripheral devices. Sixteen lines have a 
bidirectional driver and termination networks perminantly 
installed. The remaining thirty-two lines are uncommitted. 
Sockets are provided for the installation of active or 
passive driver/termination networks. The optional drivers 
and terminators are installed in groups of four by insertion 
into the 14 pin scckets. A basic block diagram of a single 
8255 PPI can be seen in Pigure 3.1. The two 8255 devices 


allow for a wide varity of I/O configurations. 


The 8255 contains three 8 bit ports (A,B, and C). 
All can be configured ina wide varity of functional 
characteristics as described in Table VI. The 8080 CPU 
dictates the operating characteristics of the ports by 
outputting contrcl words to the 8255. 

There are three basic modes of operation that can be 
selected by the system software. Mode zero is the basic 
input/output mode. Mode one is concerned with a strobed 


input/output while mode two is the bidirectional bus mode. 
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GROUP GROUP 
A 1/0 
PORT PA7=-PAO 





1/0 
PC 3-PCO 


Figure 3.1. 8255 Block Diagraa 
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TABLE VI 
Port Definitions 

Port A....One 8 bit data output or input 
latched buffer. 

Port B....One 8 bit data I/O latch buffer 
and data input buffer. 

Port C....n25 8 bit data output latch buffer 
one 8 bit data input buffer. This 


port can be divided into two 4 bit 
ports under mode 2 operations. 


A summary of the mode deffinitions and port configuration 
Can be seen in Table VII. Due to the fact that the disk 
controller's reguirement for an 8 bit bidirectional 
datalines it will only be necessary to discuss the mode 2 
operation of the 8255 here. 

The mode 2 bidirectional bus I/0 configuration 
provides a means for communicating with a peripheral device 
or structure on a single 8 bit bus for both transmitting and 
receiving data. Handshaking signals as seen in Table VII are 
proviged to maintain proper bus fiow. Interrupt generation 
and enable/disable functions are also available. It is 


apparent from Table VII that mode 2 is only used in port A. 


Port C provides the five bit control port while port B can 
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TABLE VII 


Mode Definition Summary 


MODE 0 MODE 1 MODE 2 
IN our 
BIDIRECTIONAL 
BIDIRECTIONAL 
BIDIR«eCTIONAL 
BIDIRECTIONAL 
BIDIRECTIONAL 
BIDIRECTIONAL 
BIDIRECTIONAL 









































INTR(B) | INTR(B) i/o 
















IBF(B) | OBF(B) 1/0 
STB(B) ACK (B) 1/0 
INTR(A) | INTR(A) INTR (A) 
STB(A) 1/0 STB (A) 
IBF (A) 1/0 IBF (A) 

I/O ACK (A) ACK (A) 





I/O OBF (A) 





OBF (A) 
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be used in mode 0 or 1. It should also be noted that both 
the inputs and outputs are latched. A high on the INTR 
(Interrupt Request) output can be used to interrupt the CPU 
For both input or output operations. The OBF (Output Buffer 
Full) output will go low to indicate that the CPU. has 
written data to port A. A lew on the ACK (Acknowledge) input 
enables the tristate output buffer of port A to send out the 
data. A low on the STB (Strobed Input) indicates that data 
has been loaded into the input latch while IBF (Input Buffer 
Full) output indicates that data has been loaded into the 
input latch. It might be pointed out at this time that all 
or none of the handshaking signals just presented can be 


used for the 80/20 to function properly. 


C. THE INTELLEC MDS SYSTEM 

The Intellec MDS was used in this thesis as the design 
center for the 80/20 SBC. The Intellec is a complete 
microcomputer design system that provides total support 
through the entire production design cycle. fhe MDS is also 
modular, which allows custom tailoring of systems. 

The standard Intellec MDS system has four main 
components: (1) central processor, (2) frount panel control unit 


(3) a moniter module and (4) 16K RAM. The central processor 
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of the wuDSs System is an Intel 8080 With the same 
Capabilities as the SBC 80/20 discussed earlier. The 
processor was used to develope the software and provide a 
means of loading the interface programs into the 4K RAM of 
the SBC. Memory and I/O interface logic is also provided on 
the CPU module. The module drives a three state, 16 line 
address bus, which communicates with the external memory and 
I/O device decoding logic. A bidirectional, 8 line data bus 
provides the means for the actual data transfers. The CPU 
module can address up to 65,536 bytes of memory. The 16K RAM 
module provides the Intellec MDS system with 16,384K by 8 
bit words of dynamic random access memory. There are four 
RAM modules used in the MDS utilized in this thesis, fora 
total of 64K RAM. The monitor module of the resident CPU was 
not used for the interface developement but the monitor that 
resided on the SBC was used, therefore a brief description 
is im order. The monitor module enables the MDS system to 
have firmware storage for the monitor program and I/0 
interfaces with peripheral devices such as teletype, CRT, 
line printers, or paper tape readers. The monitor module can 
include 2048 by 8 bit words of ROM for storage of the systen 


monitor progran. The monitor program used on the SBC is 
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identical to the DD@ (Dynamic Debugging Tool) program 
associated with Digital Research's CPM operating system. The 
monitor module in conjunction with a CRT for instance can be 
used to control the transfer of data, control, and status 
information between the SBC and it's associated I/O device. 
Here again it must be pointed out that the monitor of the 
MDS system was nct used but the monitor on the SBC, which is 
identical, was utilized. The frount panal control nodule 
drives the INTERRUPT, RUN and HALT switches. This module 
served to provide a means of interrupting the execution of a 
program to allow the user to monitor the progress of the 


program or check the contents of the registers. 
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IV. DHE INTERFACE DESIGN 


A. HARDWARE 
In the preceding chapters the characteristics and 
interface requirements for the hardware involved in this 
thesis was presented. In this chapter the author describes 
the actual interface used and the software developed to 
successfully communicate with the disk. 
1. he Microrolist223-1 
The first consideration for building the hardware 
interface for the Micropolis disk was to determine which of 
the provided handshaking lines would be required to operate 
the system in the buffered mode. Using the descriptions 
provided in Figure 2.6 and Table V it is apparent tnat the 
Signals which source is the host would ke necessary for the 
disk controller to function properly, but those which source 
is the controller could be implimented inthe software. 
Inotherwords, the signal lines ATIN, CBUSY, DREQ, and OUT 
are also flags in the status byte. These lines were provided 
for the flexibility of operating the disk in a DMA 
environment. Inaddition, the only other lines required were 
the SEL and ENABLE lines. Using the definition cf SEL fron 


Table V this line was connected permanently to a +5V¥ source 
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because there was no other disk controller in the systen. 
The ENABLE was used aS a programmed reset at the beginning 
of each execution of a read or write command. 
2- Intel 80720 SBC 

It was established in Chapter III that the SBC's PPI 
would be required to operate in mode 2 to satisfy the bi 
directional needs of the Winchester disk. Looking at the 
Signals available at port C of the PPI in the mode 2 column 
of Figure 3.1i1it is conveniant to utilize the three I/0 
lines PCO-PC2 to accommadate the WSTR, RSTR, and DATA lines. 
This is an obvious decission for two reasons. First of all 
port Cin mode 2 can be divided into 2 four bit ports 
leaving port B available for mode Q or 1 operations for the 
remaining control lines. Secondly, since PC0-PC3 belong to 
port C(L) it has an available socket (A4) which is ideal for 
the terminator network that is required by the disk; more on 
this later under electrical considerations. The remaining 
handshaking signals were specifically designed for a DMA 
mode. Since the PPI was programmed for bidirectional bus 
transfer and operating in a buffered mode the output signals 
OBF, IBF were nct needed. Likewise, since the SBC was the 


only device requiring access to the Winchester disk the INT 
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line was not employed. The SBC dees require 2 inputs for 
proper operation those being ACK, and STB. Using the 
description of RSTR in Chapter II it is the ACK signal 
required by the SBC. This implies that all that is necessary 
for this particular handshake is a feedback of RSTR to the 
SBC on every read ccmmand. The ENABLE line mentioned in the 
preceding section was designed as a reset taking it's inputs 
from port 8B at PBO and passing it through a termination 
device before connecting it to the disk controller. A basic 
block diagram of the data and handshaking lines can be seen 
in Pigure 4.1 and the interface pinouts are described in 


Pigure 4.2. 


B. ELECTRICAL CONSIDERATIONS 

The 1223 requires the same D.C. supply voltages as an 
industry standard 8 inch flexible disk drive. The Winchester 
disk was mounted in a dual floppy disk frame. This was done 
with only a slight modification to the mounting brackets. 
The interfacing of the handshaking signals reguired 
buffer/driver gates with an open collector output. The 
DM7438 is a quad dual input NAND gate with the desired open 


collector feature which made it ideal for the control lines. 
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Figure 4.1. 
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Figure 4.2. System Interface Pinout 


The electrical hest interface used can be seen in Figure 
a The SBC 80/20 had the 8226 four bit parallel 
bidirectional bus drivers with their associated 1K pullup 


resistors installed. Also each line out of the SBC is 
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inverted as is the input of the disk controller eliminating 
any need for inverters in the data lines. The actual 
connection was achieved through a 34 pin flat cable attached 


to the disk controller edge connector J101. 


C. SOFTWARE 
1. Initialization and Verification 

Each data surface of the disk must be prerecorded 
with the desired format before normal use. Three initialize 
commands are provided for this purpose. These commands can 
be reviewed in section C of Chapter II. This program can be 
seen in Appendix A. The initialize and verify program 
(INTVFY.ASM) combines the two commands INITIALIZE TRACK and 
VERIFY FORMAT into one command (19H). The flow diagram of 
Figure 2.3 was used to implement this user utility progran, 
With some slight modifications. The decision loops at the 
bottom of the flow diagram for read and write commands were 
eliminated to prevent an accidential INIVFY being executed 
which would destroy any user data on the disk. This is some 
what redundant due to the fact that command echoing is used 
in the protocol te prevent just such errors. The intialize 
and verify routine does not envolve any data transfers 


between the disk controller and the host. The INTVFY program 
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is designed to format one entire piatter side by holding ail 
parameter bytes fixed except the cylinder address bytes. 
Once the single disk side is completed (approx. 18 sec) the 
user can change the head address parameter byte using the 
monitor on *he SBC with the substitute (S) command and then 
restarting the prograa. The entire disk drive can be 
reformated in 5 minutes using this technique. 

The read and write program is a variant from the 
INTVFY.ASM program in that it 1S comprised of a series of 
subroutines whereas INIVFY.ASM is a single string without 
amy branching. Subroutines were written for the most 
frequently used modules such as IRDY, ORDY, STATUS, and 
CBUSY. This proved to be slower than ideal execution time 
due to the number of PUSH and POP commands that are enherant 
with subroutines. The read or write program (READRITE.ASM) 


Can be seen in Appendix B. 


D. SOFTWARE TIMING 

The execution of a controller command consists or three 
phases: initiation, execution, and termination. In the 
intiation phase, the controller decides the command 
specified by the host, verifies the validity of parameters 


and performs housekeeping functions necessary to execute the 
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command. In the ¢xecution phase, the reguested functions are 
performed. In the termination phase, the controller performs 
post execution housekeeping and determines the termination 
status for the ccmmand. 

An example of the software timing, as required by the 
delays specified in Figure 2.7, can be seen in the ORDY 
subroutine in Appendix B. The majority of the software 
timing involved an extensive use of the IN and OUT commands 
Since the program is basically concerned with I/O data 
Manipulation. By outputting a 02 hex to the SBC ccntrol port 
E6, in this example, the RSTR pulse is turned on at the 
control port (port C(L)). This followed with a 00 hex to the 
same port turns off the RSTR. The user is also reminded 
that anytime a read strobe control word is béing pulsed that 
this is also pulsing the STB control line of the SBC. This 
latches in the the disk controller status byte which is then 
moved into the accumulator to mask the ORDY bit (bit 1 of 
status byte). 

An example of writing a command byte to the command port 
can be seen in Appendix A. Using the timing diagram Figure 
2.7 to write a command byte to the disk controller command 


port WSTR needs to be pulsed and the ACK to the SBC's 8226 
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must be turned on before pulsing and then off after strobing 
is completed. The pulsing sequence can be seen on line 70 of 
Appendix A. Here the command INTVFY is being sent to the 
disk controller's ccmmand port. The anand is first latched 
into the SBC's data port (E4). The ACK line is next turned 
On at the SBC ccntrcl port E5 followed by the strobing of 
HSTR. The sequence is completed by restoring the 8 DATA 
lines to the input mode by turning ACK off. 

The next example is the writing of a parameter byte to 
the disk controller data port. This can best be demonstrated 
by looking at the PRAM1 module of the INIVFY program in 
Appendix A. For this particular case the parameter byte to 
be sent out contains all zeros. By using Table Iii this 
implies that the head and unit address is zero. The pulsing 
here is the same aS it was in the preceding example except 
that the data control line of E6 is pulsed prior to the WSTR 
line pulsing and turned off upon completion of the WSTR 
pulse going low. This technique complies with the timing 
delays in Figure 2.7. The measured pulse delays are in 


agreement with Figure 4.4 which is the calculate values of 


the delays. 
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FLAT CABLE 
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8 
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SEL/ DATA/ 
) RSTR /WSTR / 746 5XX 


1. All signal lines are low true at the interface connector and high 


true inte drivers and out of receivers. 


2. Interface signal levels are low= 0-0.4V@25mA. 


3. Host provides 1K pullups on Bus 0=-Bus7. 


4, 220/330 ohm terminators are installed in 1223 module. 


Figure 4.3. Electrical Interface 
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MVI 3.5 SEC 
OUT 5 SEC 
MVI 3.5 SEC 
OUT 5 SEC 
MVI 3.5 SEC 
OUT 5.0 SEC 


| 
| 


8.5 SEC 8.5 sec ' 8.5 SEC 
WSTR | | 
ae 
f22 MHZ T= # STATES 
MVI= 7 STATES So 


OUT= 10 STATES 


Pigure 4.4. Calculated Pulse Tising 


When the disk controller has received and verified the 
command byte, six parameter bytes, and the GO byte the disk 
controller goes low and executes the command. The disk then 
transfers to or from the host 512 bytes of user data. This 
data is then stored in the buffer titled TABLE1 in the 
program in Appendix B. Upon completion of the data transfer 


the disk controller finishes up the termination phase by 
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issuing the termination status byte to the host computer. A 
breakdown of the termination status byte error codes can be 


seen in Reference 2. 
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VY. CONCLUSIONS AND RECOMMENDATIONS 


From Chapter IV it would appear that the interface 
design was a clear and strightforward process. However, the 
author enccuntered several inconsistancies that made the job 
not so candid. The facts that the author was unfamiliar with 
the hardware and had very limited exposure to assembly 


language programming technigues compounded the task. 


Ae INTERFACE DIFFICULTIES 

One of the first difficulties encountered in the design 
phase of the interface was how to best utilize the large 
number of handshaking lines and to détermine which ones 
would not be necessary for operations in the buffered mode. 
Too few of the lines had the same definitions or functions 
compounding the problem. The documentation provided for the 
SBC 80/20 was confusing caused mainly by the number of 
options, modes, and port definitions that are available. The 
documentation pertaining to the Micropolis disk was the 
author's. biggest stumbling block. The manual refered to 
“track oriented" commands and "noraml commands". It took a 


number of hours of reading and rereading the manual in 
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conjunction with phone calls to the manufacturer to resolve 
the difference. It was at the last possible minute that the 
author was able to ascertain, from the manufacturer,a 
Statement that the AUXILLARY STATUS bytes, which contain 
detailed drive and controller status information, was 


incorrect in the manual and that two revisions had been made 


The MDS system provided additional hardware problems. At 
the outset of the project the SBC was being used on the 
double density MDS system. This being the only double 
density system at NPS a waiting list to use the system was 
necessary. Once a dedicated MDS system was assigned to the 
projett the problem was traded for another. The second 
system is a Single density version MDS which possessed the 
frustrating cronic habit of crashing the O/S and the 
directory once a week not to mention burning out the power 
supply. The author lost 8 hours a week just recovering from 


these failures and updating backup disks. 
Be. RECOMMENDATICNS 


One of the recommendations for future hard disk 
operations in the AEGIS modeling system would be to modify 


the system presented here to allow the disk to operate in 
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the DMA mode. This would require some hardware and software 
alterations to the present system. 

The hardware changes would include making use of 
handshaking lines provided as four output lines of the disk 
controller namely: ATIN, CBUSY, DREQ, and OUT. These four 
lines could be connected to the A port of the second PPI on 
the SBC. Using port A would eliminate any need for adding 
drivers Or terminator networks because they are already 
installed. Then by polling this port it would eliminate the 
need to read in the status byte after every transfer of a 
byte to check for flags. Two additional inputs would be 
required on the host computer side for OBF and IBF to 
prevent an overrun of data during transfers. 

The read and write command software would need only a 
Slight modification. The READ and WRITE flow diagrams 
presented in Figure 2.4 would be modified to conform to the 
flow diagrams in Figure 5.1. These read data and write data 
transfer loops would provide a general transfer protocol 
which is insensitive to sector length, number of sectors 
being transferred, and the speed of the host interface. In 
the direct node, the host interface must provide for 


response to all data requests at disk speed. 
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Before the Micropolis disk can be fully implemented in 
the AEGIS modeling system it will require a Customized Basic 
Disk Operating System (CBIOS). The author had originally 
intended to include a CBIOS as an appendix to this thesis 
but was unable to do sc Eecause of the number of hardware 


failures of the MDS system. 
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Alternative Data Transfer Protocol 


Figure 5.1. 
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APPENDIX A 


ORG 30008 
5 KEK KKH AK AKRKAKAK SKA KKK AK KAKAKAKK KK KK KKH HK KKAKKKAK KK AKKK KK KRENEK 


;* THIS IS A USER UTILITY PROGRAM TC INITIALIZE THEN VERIFY* 
2% BACH TRACK ON THE 1223 DISK WITH THE DESIRED FORMAT. # 
2% INITIALIZE TRACK WRITES ENTIRE LENGTH OF CURRENT TRACK * 
*% USING HEAD, CYLINDER, SECTOR SEQUENCING, AND SPARING + 
>* INFORMATION CCNTAINED IN THE ACCOMPANYING PARAMETER x 
-# BYTES. DATA FIELDS CONTAIN 51H IN ALL DATA LOCATIONS. * 
2% VERIFY FORMAT VERIFIES THAT THE TRACK IS CORRECTLY LNIT * 
* TA LIZ ED READS ENTIRE TRACK AND COMPARES AGAINST ORIGINAL® 
He 2 2 3 ft a 2 hea a ae 2 ee hee hee ee 2 hee ae a ae 2a a a A aa i a a I KE 

NOP 

NOP 


KM HK KAKA KK KKKKAKKK KK AKKERKAKKKKKKKKKKKKKKKKKHK KK KKKKKKAKK KES 


Sege de 


SUB A ;CLEAR ACCUM... 
STA PRAM2 °ZERO OUT PRAM2 
STA PRAM3 ; ZERO OUT PRAM3 

INTVFY: ADI 6 LOAD COUNTER INTO 
M °B REGISTER. 
aoEaoEnoenon aoneorieeseseeiie sate ones ions sine saat 

MVI OCOH ;PRCOGRAM 8255 TO 
CUT Of 75 MODE 2. 
NVI OO4n INITIALIZE ACK/ 
OUT OSE OUTPUT ACK/ TO PT. B 


HMM Mth KH KMKAKKK SKKKKKKKKKAKKAKKKKKAKHKKKKAKKKKKAKKKK KKRKKKKKERKK KKH 
a 


* 

- = ‘ 

i READ STATUS BYTE. IS CONTROLLER BUSY.....? : 
© He he ee te Mee he he ee KH AAA KKAKAAAKKKAKKAKKAKKKKMKKKKKAKKKKKKKAKKKRK KK KEK KKH 


@eeset ged? GOGt BEBEQVE 


CBUSY1: MVI A, 002H -RSTR CMD TO CONTROL PORT 
OUT Of6H : 
MVL A, OOOH *RSTR PULSE OFF 
OUT OF 6H 
IN OE4H READ STATUS WORD 
ANI 0108 -IS CBUSY TRUE 
GEI 0108 "OR FALSE 
INZ CBUSY1 “CONTROLLER BUSY GO BACK.. 


DEERE EEE OEE IE CAI AIR IRE RE 


ox 
oo READ STATUS BYTE TO SEE IF OUTPUT BUFFER IS FULL... * 
HSER EEE AUER ESR RO 


ne. 


;RSTR CMD TO 


N 
je 


ORDY 1: MVI A, 00 : 
CUT O£6H “CONTROL PORT. 
NVI A, 000H - PULSE RSTR ON 
OUT OR6H *THEN OFP. 
IN OEGH SREAD STATUS BYTE 
ANI 00 2H °MASK STATUS BYTE FOR ORDY. 
CPI Q002H 
INZ ORDY1 -RETURN TO RSTR IF NO ORDY. 


wn 
ov 





Ssiladaadadeaiadaladadidhntaathtedathnethdatalochndethadbdetidethietedetnipebiidesasetiaadiotouiniedaee 
. * 
-* LOAD COMMAND BYTE 1 INTO CONTROLLER FOR IN LIZATION * 
;* AND VERFICATICN OF DISK... — eee S 
2 * 
s EREKKCKKAKKAKKCKK RK AKKKAKAKBEKKKKKKAKKKKKAKKKKAKKAKKAKKKKKKKKAKKKKE KEKE 
: MVI A,019H *LOAD CMD 1 

CUT Of48 >PUT CMD 1 20 OUTPUT PT. 

MVI A, OOOH TURN ACK/ O 

OUT OE5H PORT B 

MVI A,001H *WSTR CONT. WORD TO ACCUM. 

OUT Of6H *PULSE WSTR ON 

MVI A, OOOH >PULSE WSTR OFF 

OUT O£6H 

MVI A, 004H sRESTORE ACK/ TO 
; OUT Of5H -B PORT 
ees EEE gee eee Eee eee ESET Sere one kes 
°K 
-* CCMMENCE COMMAND VERIFY CF COMMAND BYTE BY READING * 
;* STATUS BYTE... % 
: * 
¢ RRM KKK MH KKKKKKAKAKKKKKAKKKKKAKKKAKK KK AKKKKKKKAKAKKAKAKKKKKAKKKKKKKKE 
: 
, ORDY 2: MVI A,002H *RSTR CMD TO 

OUT Of6H °CMD PORT 

NVI A, 000H "ON AND 

COT O26H THEN OFF 

IN OERGH -READ STATUS BYTE 

ANI 002H “MASK ORDY2 

CPI 002H TRUE OR FALSE 

INZ ORDY2 “IS ORDY2 ? 


° se Shek NHK A RREREEAE RAEEEEEE EE GEES REEREEES OEEEEE EERE EES 
* 


om 
1s IS INPUT BUFFER READY ? (IE. IS INPUT BUFFER FULL?).... : 
ee FEE EETLESRALALLEALERAESELES AELEREGE SUSE ESALLE SEALED 


BOF SePFaodseee 8 we 


IRDY 1: MVI A, 002H PULSE RSTR CMD 
OUT O£6H >TO CONTROL PORT 
MVI A, OOOH *TURN OFF 
OUT Of6H ;RSTR PULSE 
IN OB4H "READ STATUS BYTE 
ANI 00 1H “MASK IRDY 1 
CEI 00148 : 
JNZ IRDY1 IS IRDY1 ? 


. 
° 


2 ee SOO G8 OHSS BEBE BE 


ERROR MSG 


1 


* COMPARE RECEIVED CMD BYTE WITH ORIG. 
: CORRECTNESS. 


et HM KK KRAKKKKAKAKKKKKKKHKKKKKKKHKKKKKKKKKKKKKKKKKKAKKKKKKKE KK 


% 
PATTERN TO VERIFY : 


OUTPUT IF INCORRECT... > 
ene ee eee es eee eee ee ee eee ee 


MVI A, OO4H *TURN DATA PULSE ON 
OUT O£68 “TO CONT. PT. 

NOP > TIME DELAY 

MVI A, 0068 “RSTR SDATA PULSE 
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PRAM 1: 


BECO SE DE CE DEDEDE DEBE DE 


ORDY3: 


SCGCweDVe we BPtwse OF we DE 


IRDY2: 


TO DATA PORT... 


ok 
x 

“ WRITE PARAMETER BYTE 
°« * 
© He Me Me He Me Me Me He Me ae Me He Me Me He aoc He He he he He we He Mx He eae he Mee He He she We she he Me he ah Nc akc akc Ihe He The Me he he he ah ee he he He he Ge He Ok 
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O"CONG PT. 
URN OFF RSTR ONLY 
O CONT. s 


E OUT ERROR MSG. 1 


MEM He Me Me Me He Me Me He He He He HH He He He He he he ae ee he Mesh he ae aoe ae he ae He he she Me Me eke He ake aha ae afc He akc he ak le ahe he aoe 3h 3h ak 
1 CONTAINING HEAD ADD. 


a 
AND OUTPUT 


T PARAMETER BYTE 
HEAD ADDRESS ZERO 


H 

CK/ ON 

N DATA LINE 

il. PT. 

ELA 

SE WSTR & DATA 

T TO CONTROL PORT 
RN OFF WSTR ONLY 
CONT. PT. 


ME DELAY 
THEN OFF... 


STORE ACK/ 
RT 8B 


PUT 
Wit 
RN A 
Be ok 
RN O A 
CON P 
ME D Y 
L 


ee 


ry bo OBHHONHAH~GH O 


U 
1 
U 
O 
U 
0 
z 
U 
U 
U 
0 
- 
N 
E 
0 


ME ee Me HE HE Me The ME ME ae He ae Me Me ee ME ah Mh He MEME Me he Mee He Me Me He He Me He Me ME Me Me Mc He he ah he ah He he ac CE He a ae he EE a 
* 


F 
° & 
a CCMMAND VERIFY FOR FIRST PARAMETER BYTE... ve 
ee a ee ee 


GUPiy Key 
OMAN 0 wb tet 
oz be 


SeGedse Ge Se Seas de 
Hr mwnonm 
Woo b> bim 2 OM 
to 

wi elelslelai-t@) 


We she HEM HM ape Mee Me se Bie we He she He He ae Me He Me AMCAe she Ie he He ah He He Me ae ae hee Ae Me apc he Me He He Me He He he He she he Me he He He eae He ak He 
* 


*  & 
x 
= IS THE DISK CCNTROLLER READY FOR INPUT - 
© 3 29 aft abc age aie sie ape af ah ac ape he he he he abe ae ae afc ae Be ae ah afc He ah ah aoe He ah he ae ae ae hee He he ae he He Me ae ae eae ae cafe ae ae ale shea Mee 3h 


(IRDY) ?...... * 


;>FULSE BSTR CAD 
>TO CONTROL PORT 
>LURN OFF 

*>RSTR PULSE 

>READ STATUS BYTE 





ANI 00 1H ;MASK IRDY2 

CPI 0018 

NZ IRDY2 - TOMER DY2? . . 
ETOP TSPr stir er errr rerir ert ter ete tttrrtrrtrT rer Tt rt tat tt 
x * 
9 
;* READ BACK PARAMETER BYTE 1 FOR VERIFICATION.... * 
620 et Be ee 2 ie A A i ie i a a ee a a ae a a aie a a a a a A aa 
9 

MVI A,004H -TURN ON DATA LINE 

OUT Of6H “TO CONT. PT. 

NOP -TIME DELAY 

MVI A, 006H -RSTR & DATA PULSE 

OUT Of6H “READ BACK PRAM1 

MVI A, OO4H -TURN OFF RSTR ONLY 

OUT Of6H “TO CONT. PT. 

NCP >TIME DELAY 

MVI A,000H “TURN OFF STROBE 

IN Of4GH *LOAD PRAM1 INTO ACCUM.. 

ANA A *MASK PRAM1 TO VERIFY 

JINZ ERRMSG2 :WRITE OUT ERROR MSG 2. 

CCR B °IS THIS THE 

HOV A,B “LAST: PARAMETER BYTE 2... 

CPI 0608 IF SO 

JZ GOBYTE °GO TO GO BYTE 

MCV B, A “OTHERWISE SAVE PRAM COUNT. 


2 MME I ME EH RM MB A AE OR ae I 
* 


te te 
* 
* ao PARAMETER BYTE 2 CONTAINING LSE OF CYL. ADD. * 
* AND OUTPUT TO DATA PORT. IF Pram 2 IS IN OVERFLOW COND- * 
Me TION CARRY OVER TO Pram. BYTE 3 AND CONTINUE TO VERIFY. . 
;* 


2c 28 eee ae ae he ee ae I ae ake 6 ah ae he ae a ae ah ea eM ee a he hc a ae 2 a ee a 2 he a a 298 a 2 a 2 2 he 2 2 


LXI H,PRAM2 -LOAD ADD. PRAM2 IN HL REGS. 
MCV A.M “MOVE PRAM VALUE TO ACCUM... 
OUT Of84H >PUT PRAM2Z TO OUTPUT PORT 
MOV —OD,A 

PUSH D SAVE PRAM2 VALUE 

MVI A,OOOH °TURN ACK/ ON 

ouT O£58 PORT B 

MVI A,OO4H >TURN ON DATA LINE 

OUT Of6H TO CONT. PT. 

NOP TIME DELAY 

MVI A,0OSH °PULSE CN THEN OFP 

CUT  OE6H DATA AND 

MVI A,OOGH “TURN OFF WSTR ONLY 

OUT  OE6H TO CONT. PT. 

NOP ‘TIME DELAY 

MVI A,OOOH -WSTR TO 

CUT O£f6H “CONTROL PORT 

NVI aA,0O4H RESTORE ACK/ 

OUT O£5H PORT B 


HEE EE OE EERE EE ERR EO EAE 
x 


COMMAND VERIFY FOR SECOND PARAMETER BYTE.... e 
2k a ake he ah 2 2 Oe a i aac hee a ee a 2c 2 ah a 2 ae fea 298 30 2 a a a a a 2h ae ae ae he ae ae ee oe ee a a a ae 


aera 


ORDYG: MVI A,002H s>RSTR CMD. TO 
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CUT  OE6H “COMMAND PORT. 
MVI aA,OOOH “PULSE ON AND 

OUT O£6H -THEN OFF. 

IN OEGH “READ STATUS BYTE 
ANI 0OO2H >MASK ORDY 

CPI 00248 “TRUE OR FALSE 
JNZ  ORDY4 °IS ne 


pe UUEUE EU EEO a ec toek Saka eee RR 
* 
Ss IS THE DISK CONTROLLER READY FOR INPUT (IRDY) ?.... ¥ 


Segoe Peae SGegetdt peste 


x * 
He Me she He Me He Be Me Me Me Me Be mk Me Me she see she a Me she ee Me Me Me she He He ME Me Me He MEA Me Me he ee he He Me she he Me she He he se a He ic ae HK ke 
IRDY3: MVI  A,0O2H *PULSE RSTR CMD 

OUT  Of6H *TO CONTROL PORT 

MVI A,OOOH TURN OFF 

CUT O£F6H *RSTR PULSE 

IN OEGH *READ IN STATUS BYTE 

ANI 0018 “MASK IRDY 3 

CPI 0018 ;TRUE_ OR FALSE 

JNZ IRDY3 °IS IRDY 3 ?.... 


REKKKAKKAKAKKKKARCAKAKKAKKAKKKCKKRKKKKKKKRKAKKAA KKK KRKARKAKKAKKK KKH 
* 


ot 

* 

;* READ BACK PARAMETER BYTE 2 FOR VERIFICATION...... : 
© MEME MEME MMC Me MME He eH Me Me eM Me Ae He MH HE ME Me ME AM HM HE He AM He He Me MH Me Me MH Me Me eM ee KH He HK MK HK 


MVI A,OO4H -TURN ON DATA LINE 
ouT O£648 “TO CONT. PT. 

NOP °TIME DELAY 

MVI A,0O6H -RSTR & DATA PULSE 
ouT Of6H >READ BACK PRAM2 
MVI A,-OO4UH TURN OFF RSTR ONLY 
OUT O£6H “TC CONT. PT. 

NOP “TIME DELAY 

MVI a,0OOH “TURN OFF STROBE 
OUT Of6H 

IN OE4GH *LOAD PRAM2 INTO ACCUM.. 


1 elusE GEE EGE Ia IEOIOEE EC ESS GEO EoiE Ei ISSO Crea sCion it 
;>*COMPARE Pram. EYTE 2 WITH ORIGINAL VALUE AND INCREMENT * 
5 TRACK NUMBER OR IF CHECK FAILS SEND ERROR MSG. 3... - 


x 
ee Oe ee en ee en ee EERE ee 


POP D -GET PRAM2 VALUE 

CMP D "COMPARE TO ORIGINAL 

JNZ ERRMSG3 {SEND ERROR MSG. 3 

INR A HG. TO NEXT TRACK ... 

JZ CARRY IF C FLAG SET GO TO CARRY ROUT 
MOV MA OTHERWISE STORE PRAM2.... 
DCR B IS THIS THE 

MOV A,B *LAST PARAMETER BYTE ?... 
CPI 060H IF SO 

JZ GOBYTE GO TO GO BYTE. 

MOV B,A OTHERWISE SAVE PRAM COUNT. 
JMP CONTINUE 
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RAR KK KKKKKK KKK RKKRKRRKRKKAKKKAKRAKAKKKAK KKKAK KRKKRK A KKH KH KK KKK HK 


* 
THE CARRY ROUTINE IS UTILIZED IF Pram. BYTE 2 IS IN * 
;*® overFPLCW CONDITION TO INCREMENT PARAMETER BYTE 3... * 


* x 
AMMAR MA MA MMM MMMM HMR MA AMA MH KAMWHK WMA AW MAK MMA HK KWH A KAMH KK MM AK KH HK KK HK 


— 
° 
oa 


eaeSQe Googe seweose eds ae 


CARRY: LX1 H, PRAM3 ORANG AND ADD. TO 
MOV A,4& AM3 AND MOV TO ACCUM. 
INR A f INCREMENT PRAM3 
CPI 002H 31S THIS CYLINDER 579 2?.. 
JZ EXIT : IF SO END INTVFY. 
MOV M,A > SAVE NEW PRAM3 VALUE... 


2 ea Ce ke ROR RICA IORI CO EE 


; * 
°* THE CONTINUE RCUTINE IS USED TO CONTINUE WITH VERIFY Cmd.* 
;* THAT IS TRANSMIT PARAMETER BYTE 3... * 
= 2 eee he eH AA A A AA A A A AOR A A I A RI IO 
CONTINUE: LXI H,PRAM3 :LOAD ADD. PRAM3 IN HL REGS. 
MOV A.M ‘MOVE PRAM3 VALUE TO ACCUM. 
our Ob 4a PUT PRAM3 TO OUTPUT PORT 
a 

PUSH OD -SAVE FRAM3 VALUE 

MVI A, OOOH °TURN ACK/ ON 

OUT Of5H PORT B 

MVI A, OO8H -TURN ON DATA LINE 

OUT Of6H >TO CONT. PT. 

NCP > TIM AY 

MVI A.005H >PULSE CN THEN OFF 

CUT Of6H : THE AND 

MVI A,004H ; TURN OFF WSTR ONLY 

CUT OE6H -TO C MBia’ 

NOP ;TIME DELA 

MVI A, OOOH ° WSTR 

OUT O£6H CONTROL PORT 

NVI A, OO8H RESTORE ACK/ 

OUT O2SH PORT B 


ee se eS ee 
* 


is COMMAND VERIFY FOR THIRD PARAMETER BYTE...... ps 
LEE USE EEE ea ore aon Eres eee eee ees 


SCeGe Stee S@PQe SO weee 


ORDYS: nvi A, 002H -RSTR CMD. TO 
OUT Of6H “COMMAND PORT 
MVI A, 000H > PULSE ON 
OUT Of6H "THEN OFP.... 
IN OE4H “READ STATUS BYTE 
ANI 002H >MASK ORDYS 
CPI 002H TRUE OR FALSE 
JNZ ORDYS > IS ORDYS ?... 


o Me Mem ee KAKA KK KCK AKKKAKKKKKRKKKKKKAKKK KKH KKKKAKKKKAK KKKKAKKKKKKK KS 
x 


ie IS DISK CONTROLLER READY FOR INPUT (IRDY4) ?... Z 
eee cag ee a ree OE Ee REE NESTE EST RS 


eo @tgoeteae S@P®aseee 
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IRDY4: MVI A,002H -PULSE RSTR CMD. 
CUT Of6H >TO CONTROL PORT 
MVI A, OOOH “TURN OFP 
OUT OB6H “RSTR EULSE 
IN OBGH *READ IN STATUS BYTE 
ANI 0018 “MASK IRDY4 
CPI 00 1H TRUE OR FALSE 
INZ IRDY4 SEPSTIRDY f° 2e: 


He Me He he Ke He Me He eM he HM He Me Me He Me Me Me Me ee He Me He HEM He He eM ae He ee eae ee ee hee oe Oe ae a eo OK KK 
a 


* % 

x 

: READ BACK PARAMETER BYTE 3 FOR VERIFICATION... = 
* 

BARNA H ANE GAAS RARER EE BAAS ERE EE ERE RE REE EE RE EE EE EE 


MVI A,004H ;TURN ON DATA LINE 
OUT OE 6H “TO CONT. PT. 

NOP >TIME DELAY 

MVI A, 006H “RSTR & DATA PULSE 
OUT O£6H *READ BACK PRAM3 
MVI A, 0O4H “TURN OFF RSTR ONLY 
CUT Of6H “TC CONT. PT. 

NCP *TIME DELAY 

MVI A, 0008 “TURN OFF STROBE 
OUT OF6H 

IN OEGH *LOAD ERAM3 IN ACCUM.. 


Me Hee He He He He he Me Me He He He Me He He she Me he Me Me shee she Me Me ae Me Me Mee he he Me he He he he Me eM he oe ee oe a KK HK KE KK 


ae 
» EJ 
* COMPARE PRAM. BYTE 3 WITH ORIGINAL PATTERN AND CONTINUE * 
iae TO PARAMETER BYTE 4 OR TRANSMIT ERROR MSG. 4... * 
© oie 


* 
WE MMe MEM He Me Me Me Me He Me He He he MEME ee He Meee Me ME he he eM He ee MC Me Me ae Oe ee Oe ae eK 


POP D *PUT PRAM3 IN D REGS. 

CMP D “COMPARE TO ORIGINAL 

INZ ERRMSG4 :SEND ERROR MSG. 4.. 

MOV M,A “SAVE PRAM3 

DCR B “IS THIS THE 

MOV A.B *LAST PARAMETER BYTE ?.. 
CPI 0608 “IP So 

JZ GOBYTE GO TO BYTE.. 

MOV B,A *OTHERWISE SAVE PRAM COUNT 


We ae he Bye He Ie aC ae He The he He he ae ME ae he he ale Be he he Me He he He he he he he he He he he ah he he he ae ah he Me eae Me he he aes He He He eK 3 Oe 


a 
WRITE PARAMETER BYTE 4 CONTAINING STARTING SECTOR ADD. ¥ 


- FOR INITIALIZATION THIS WILL ALWAYS BE ZERO... x 
2 ie ote eshte he ak he he ae hc ee eae he ae he 2h ie a 2c ee he ae aie 2 2h a he ape ah a a ae ie a a ae ae ape 2 he a ie ie eo ae ae ie Oe 


é 
x 
me 


MVI A, OOOH LOAD PRAM4Y (START SECT.) 
CUT Of4H “LOGICAL SECTOR ZERO 
MVL A, OOOH -TURN ACK/ ON 

OUT O£SH PORT B 

MVI A, 0O4H -TURN ON DATA LINE 
OUT OF6H “TO CONT. 

NCP TIME DELAY 

MVI A, 005SH *PULSE WSTR & DATA 
CUT OE 6H TO COMMAND PORT 

MVI A, OO4H “TORN OFF WSTR ONLY 
CUT Of6H >TO CONT. PT. 
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>TIME DELAY 


MVI A, 000H “TURN CFF PULSE TO 
CUT OF6H COMMAND PORT 

MVI A, OO4H RESTORE ACK/ 

CUT Of5H PORT B 


MM Me HEM He Me HMAC eH ME CME He He Me ae He MEME he He MEME le He MC HK HE He OK CHE i a A HK AK KK KK EK 


oa 

° & * 
* START CMD. VERIFICATION OF PARAMETER BYTE 4 BY READING * 
: STATUS BYTE... * 
;* 


* 
Se AEM MEM He HE He Me AE MEM He ME He ae He He a He EAE ae he MEME he He Me He Me He Hee He HE HE CHEK 3K HE i OK ae ie CHE 3 Oe HE HE Ee KE 


@eeSBeGsesesesese SEGege 


ORDY6: “VI A, 002H *RSTR CMD. TO 

CUT Of6H “COMMAND PORT 

MVI A, OOOH * PULSE ON 

OUT Of6H >THEN OFF.. 

IN OE4H *READ IN STATUS BYTE 

ANI 002H *>MASK ORDY6 

CPI 002H >TRUE OR FALSE 

INZ ORDY6 “IS ORDY6 ?.ce 
©2020 2 9 2 2 he 2 A 2 fe A A i Aa tae A a fe fe HA aie A i a a RK fe a HE A He 
;* * 
;# IS DISK CONTRCLLER READY FOR INPUT (IRDYS) ?... + 
9 ne fe ea ie Me ee 2 fe 20 2 a fa i ft 2 fe a 2 a AR 2A 22 a 2 he A 2 A A A A of a 2 2 he hc a HC a a a 

IRDYS: MVI A,00O2H -PULSE RSTR CMD. 

OUT Of6H >TO CONTROL PORT 

NVI A,-OO0OH TURN OFF 

OUT  Of6H °RSTR PULSE 

IN OEGH *READ IN STATUS BYTE 

ANI OO1H *MASK IRDYS 

CEI 0018 -TRUE OR FALSE 

GNZ  IBDYS °IS IRDYS ?.-. 


© Re He Me He Me Me he He Me Hee Me ee HE ME he He Me He he He HEME HE Be Mee We He HE AE he He Me he We Me Me Me ee HEM he He he HEME He ae He ee He he HE 
x 


S 
;* READ BACK PARAMETER BYTE 4 FOR VERIFICATION..... + 
Le ANE AL ESLER EE LERAKL ALANA LASERS AE HATES ESE RE EH 
: “VI A, 0O4H >TURN ON DATA LINE 

OUT OF6H “TO CONT. PT. 

NOP -TIME DELAY 

MVI A, 006H “RSTR & DATA PULSE 

OUT Of6H *READ BACK PRAMU 

MVI A, OO4H -TORN OFF RSTR ONLY 

CUT Of6H TO CONT. PT. 

NOP -TIME DELAY 

MVI A, 000H TURN OFF 

CUT Of6H * STROBE... 

IN OR4H "LOAD PRAM4 IN 


DESEO EERO EE ESE UO CEASE AGERE GAOT Ia 
* 


Ss COMPARE PARAMETER BYTE 4 WITH ORIG. PATTERN AND CONTINUE* 
te TO PARAMETER BYTE 95 OR TRANSMIT ERROR MSG. 5... : 


oeao ae aGEEOEE EE OEO ESN nao aaa enone 
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ANA A *CCMPARE TO ORIG. VALUE 
JINZ ERRMSGS ;PRINT ERROR MSG. 

DCR B -IS THIS THE 

MOV A,B “LAST PARAMETER BYTE 

CPI 0608 “IF So 

JZ GOBYTE °GO TO GOBYTE 

MOV B,A “OTHERWISE SAVE PRAM COUNT 


sREKKKKRKK KKKAKK KKKKKKAKCKKAKKKAKKKAK KRKKKAKKKKKKK KKK AKKKKKKKEKKEK KKK 


* ™ 
* WRITE PARAMETER BYTE 5S CONTAINING # OF SECTORS TO BE * 
* PROCESSED. FOR INITIALIZATION OF A COMPLETE TRACK A TIME* 
2 THIS NUMBER WILL ALWAYS BE 00.... = 
© oie 2h 


* 
VAKKKAKKKKKKKK KKKKCAKCKCKKAKKCKKKCKKKKKKKKKKKKAKKKKKKKKKEKKKKKKKKK 


© 
G 


AD PRAM5 
D OUTPUT PORT 
N ACK/ O 


© 
cG 


< 
a 
Ctr forty 


Wn 
je] 
i? 
ae Oe ee a 


© 
eG 


45 
ao) 
SesoeoseSGe ge GegeSse ve Sese 


HOHE HAHAAHAUHAHANUAhEt 


tx 
<j 
a | 
OFrot OF OY OPO,PO bh» 
= 
#8} 


bis ts tie tee Ge mie tie 
WOKDG DAODO RHAOUCLO 
momo momo wmomome 
OMOGHOCOGCHOSGOGWO 


ww) form 


+ 


TORE ACK/ 


ie 6 ee ee ee ee 
* 


a START CMD. VERIFICATION OF PARAMETER BYTE 5 BY READING * 
;* STATUS BYTE... * 


* ™ 
KRRAKKKKACKKKKAKKKKAKKKKKAKKKKKKKKKKKAKAKKKKKKKKKAKKKKAKKKKKKKKAKKKK 


ORDY7: MVI A,002H *RSTR CMD TO 
CUT Of6H >CMD. EORT 
MVI A, OOOH * PULSE ON 
OUT O£6H “THEN OFF... 
IN OEGH *-READ IN STAT.BYTE 
ANI 002H “MASK ORDY7 
CPI 0024 >TRUE OR FALSE 
INZ ORDY7 “IS ORDY7 ?.. 


SIS IOI IIS I IO IO II III RII OR 
* 


* 
ie IS DISK CCNTRCLLER READY FOR INPUT ?..... : 
a a ae ee eee ee ee ee 


IRDY6: MVI A, 002H *POLSE RSTR CMD. 
OUT Of6H >TO CONTROL PORT 
MVI A, OOOH TURN OFF 
OUT Of 6H “RSTR PULSE 
IN OEUH *READ STAT. BYTE 
ANI 0018 “MASK IRDY6 
CEI 001H “TRUE FALSE 
JNZ IRDY6 -IS IRDY6 ? 


Ov 
= 





S@6Cee soe Gedese Se we 


MVI 
OUT 
NOP 
MV 

OUT 
MVI 
OUT 
NCP 
AVI 
OUT 
IN 


TO PARAMETER BYTE 


S6 eo Goede SGEGOBERSOEVE 


ANA A 
INZ ERRM 
DCR B 
MOV A.B 
epr 0604 
JZ GOBY 
MOV B,A 


* 

* 
iS WRITE PRAM. 

* 

* 
= ak 


S@esdege O@O6Cwoe dese ee we 


eee 


ya 
5G 


Ge 


On 
oc 


Gye 


COOoFr OFropr Ob» 

ta) [aie Gis 

EAS HNRONO NO 

[mo Momo Mo 
= és 


6 OR 


SG6 


TE 


DEFFECTIVE SECTOR ADDRESS. 
BE XMITTED ANYWAY. CONTAINS ALL ZEROS...---..- 


MH HM we He HM HM He Me a HH HR HM HK MH HMM MH A oe Me Se ae, Se ae ak oe Oe 


A,024 
OB4H 
A, 000 
O£5H 
A,004 
OR6H 
A,Q05 
Of6H 
A, 004 
Of6H 
A, 000 
O£6H 
A, 004 
O2SH 


ms 


= & 


m= 


= o& 
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fo 


COHN Hdd 
ONAGHOQAWHHOG 
mht Oprc 

VOfZHNAVzowWWdA=smz 


XMIT ERROR MSG P 
EEKAKARARKKKAKAKKKKKRKRAKKKKHKKAKKKKKKKKKKKKKKKA KKKHK KKKEKKKE KK KKK 


He 


Pin WO 
W) 


P 
N 
T 
T 
> 


O HEH 
Oo 


AVE 


A 


& 


Sede We 


WHO RHHOUAHAHUAHnh 
Oo 


“Om Goto 2zHy2Ow 


OSRCGHOGHCHOGOGOO 
Whore dre mbt 
rd 


Segoe sveSoegeese Se Goege Ss GO 


3 


me ai a 

* 
: READ BACK PARAMETER BYTE 5 FOR VERIFICATION... * 
= 


* 
MMM MMe He Me He He Me He Me MEM He He he He He Hee Mee He We MEM He HAH He He HAMM HH MAM HK HK HH KH HH HK HK HHH KKK 


KRKARKK AK KAKAKAK KAKAAKA HK AKAKAKAKAKAKAAKK KHANH KKKK KK WHE KKK KK KKH 
* * 

ss COMPARE PARAMETER BYTE 5 WITH ORIG. 
* 
* 


PATTERN AND ee 


PRAM CT. 


REECE AAR RAKE EA ARK KEKE EKREKRKKEEESK LES SOK ERE BH RKE 


BYTE 6 CONTAINING NORMAL/SPARED TRACK AND 
NORMALLY NOT USED BUT MUST 


HRUREER 


M6 
UT PORT 
f ON 


THathira Ow 
a AG 


eo Ls 
EF WSTR ONLY 
ELAY 
FE PULSE 
CK/ ON 


WrOOUZON BGV20Mrr+HyY 
> 





JASE SE EEE ERE ESE E EEE EEE EEE OEE REEF 
: * 
-* COMMENCE COMMAND VERIFICATION OF PARA = 
;# READING STATUS BYTE... ae ae eee ws 
: ¥ 
.& ME HE Be He He I he fe Ie Be Me he He he she He ape Me Ie Me eM Be she Bee akc Ie Be He Ie We he ae He ke Ihc he he ae he ese she she he she ae she ke ac he she Me he 3h kc 
‘ ORDY8: MVI A,002H >RSTR CMD TO 

OUT O£6H “CMD. PORT 

MVL A, 000H - PULSE CN 

CUT O£6H ° THEN OFF 

IN OR4H “READ STAT. BYTE 

ANI 002H *MASK ORDY8 

CPI 0028 “TRUE OR FALSE ‘ 

JNZ ORDY8 -IS ORDY8 ? ... 


Berea EEOC SHOES CEH HO Ea HEE eee arrears 
x 


i IS DISK CONTROLLER READY FOR INPUT (IRDY7) ?... . 
gM Me Me He Wee He He ae He MH MH Me He He a eM HM He He Hee He HE a Hea I He he eK a a ee 


IRDY7: NVI A, 002H >PULSE RSTR CMD. 
OUT O26H -TO CONT. PT. 
MVI A, 000H ?TURN OFF 
CUT Of6H “RSTR PULS 
IN OF4H *READ STATUS BYTE 
ANI 001H >MASK IRDY7 
CPL 0018 “TRUE OR FALSE 
INZ IRDY7 ‘IS IRDY7 ? 


+ % 


be she ape aie He he Mea he hc oe he He ah ae he He Me aye ah He Me ae he Me he ah he He he he he he he he ee Me Che ae he HM He He ae MMH he He HH HH 
* 


; READ BACK PARAMETER BYTE 6 FOR VERIFICATION... . 
ee ete ee OEE REESE EERE SES LIER EAE ERE LAS TRE SERS 


MVI A, OO4H >TURN ON DATA LINE 
OUT O26H >TO CONT. PT. 

NOP “TIME DELAY 

MVI A, 006H “RSTR & DATA PULSE 
OUT Of6H “READ BACK PRAM6 

MVI A, OO4H °-TURN CFF RSTR ONLY 
OUT OR 6H "TQ CONT. PT. 

NCP “TIME DELAY 

MVI A,000H *TURN OFF 

CUT O£6H >STROBE 

IN OR4H LOAD PRAM6 IN ACCUM. 


© ee whe Me ole he Meal he 2 ac Mc MC I I AC IC IC Me HC He He He He eM he He Me He Me He Wee He he He Me Me he He Me eM he He eM Me He EH He HK I 
* 


-* CCMPARE PARAMETER BYTE 6 WITH ORIGINAL PATTERN AND * 
Pi CONTINUE TO GO BYTE FOR EXECUTION OF INITIALIZATION... : 


he Me he Me He Mee Ihe HE Ihe Mh WE MC he he He He He Me Ihe he He He He He he Heme He Mee He WM Be He He He hc he MEM He He MAC HE eM Ae Ae HM He HK HK HK HK 


+ 


CPI 024H COMPARE TO ORIG. VALUE 
INZ ERRMSG? :PRINT ERROR MSG. 

DCR B IS THIS THE 

MOV A,B “LAST PRAM BYTE ? 

CPI 0608 > IF SO 


JZ GOBYTE 7GO TO GOBYTE 


HNRERHURH 


Seese see wee aes Ge weetsse Gewewewe 


j EAHR ARE REARAES HHH OHEGARAR SS RERE ER AH ER BARE EERE AR ERS RAE HEAR ES 
: * 
°* OUTPUT GO BYTE TO DISK CONTROLLER. THE GO BYTE CAUSES THE* 
** COMMAND TO BE EXECUTED AND MAY CONTAIN ANY VALUE. FOR x 
;* SIMPLICITY THE GO BYTE WILL BE FFH.... a 
: * 
 ERKKKKAKAKAKKARAA KAKKKHKHKKKKAKHKMAKAKAKKAAKKKAKKAKAK HK KKH KKAKKHKHKKKKKEK 
GOBYTE: NVI A, OF FH *LOAD GO BYTE 

OUT Of4H “TO OUTPUT PORT 

MVI A, OOOH >TURN ACK/ ON 

OUT OfSH PORT B 

MV A, OO4H -TURN ON WSTR 

CUT SE6H “TO CONT. PT. 

NOP TIME DELAY 

MVI A, 005H “PULSE WSTR AND 

OUT Of6H “DATA TO C P 

MVI A, 0O4H >TURN OFF WSTR ONLY 

OUT O02 6H “TO CONT. PT. 

NOP TIME DELAY 

MVI A,000H *TORN CFF PULSE 

OUT O£6H >TO CMD. PT. 

MVI A, 004H ‘RESTORE ACK/ 

OUT OE5SH PORT B 


MMM AK MKARKKKH KKK MRKKKAKKKKKAKKAKKAKKKRKEKHKKRKHKKAKKKH KKWURKKKKKK KKH 


we 


THE WALT STATUS MODULE IS USED TO READ BACK TERMINATION * 


BYTE. 


THE CONTROLLER DATA PORT IN RESPONSE T0 ATIN TRUE, 


THE TERMINATION PROTOCOL.... 


GpUusyY 2: 


UNPHORORe 
zy masaoaad 
NHH HAHAH 


to 
2 8) 


AGOOCOPr oY 
Cat ad tte fxs 
SOO FEAONO 
Wnin in omits Om © 
© 
py 


< 


tN 
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TERMINATION STATUS IS ACCESSED BY READING FROM * 


USING* 
* 


* 
MM He KK MAKKAH K KKK KAKKKKKKKKAKEKAKKKKK KKKHKAKKKKRKK KK KKH 


BYTE 
UE ? 


BUSY GO 


O Hw Nesp 
VOU) 


BACK. 


Seee oe Segesese Ge 


2A RICCI ICICI RAIA IR TOR HAR A AOR HH 
°* * 
:* READ STATUS BYTE TO SEE IF INPUT BUFFER READY ? (IRDY8).* 
2 Se AA Be A A A A ee HAH A A A A I A A RRR EE IO KE OR 
: IRDY 8: MVI A, 002H >PULSE RSTR CMD. 

OUT OE6H -TC CONT. PT. 

MVI A, OOOH “TURN OFF 

OUT Of 6H *RSTR PULSE 

IN OE4H >READ STATUS BYTE 

ANI 0018 MASK IRDY8 

CEI 00 1H : 

JNZ IRDY8 “IS IRDY8 ? 





MH HH HH 


S666 86O6 Bees St Gs BCBS SE 


eeee 


eee 
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RKKKKACKKCKKKKKCEKKKKKCKKKKKCEKKKCKKKKKKCAKKKRKKKKKKKKEKKKEKSE 
* 
READ FROM CONTROLLER DATA PORT THE TERM. STATUS BYTE. ¥* 
DETERMINE ERRCR CONDITIONS THAT HAVE OCCURRED DURING THE* 
COMMAND EXECUTION. THE CODE IN BITS 0-3 INDICATE REASON * 
FOR TERMINATICN.... % 
* 
REAAKKKKCKCKRKKKKCKKKKKKCKKKKKKKKKKKAKKKKKCKKECKKKKKEKKKKKKKKKS 
MVI A, OO4H -TURN ON DATA LINE 
OUT SE6H *TO CONT. Pt. 
NCP TIME DELA 
MV A, 006H >PULSE RSTR & DATA 
OUT Of6H >TO CONT. PT. 
| MVI A, 0048 “TURN CFF RSTR ONLY 
CUT SE6H TO CONT. PT. 
NOP “TIME DELAY 
MVI A, 000H TURN OF 
OUT Of6H "RSTR & DATA.. 
IN Eu H >READ IN TER. STAT. BYTE 
ANA A “MASK TER. STAT. FOR ERROR 
JINZ FRRMSGS :PRINT ERROR MSG. 
JMP INTVFY RETURN TO BEGINNING 
ERRMSG 1: eget: H, ERROR1 
VI 8B, 35D 
START1: MOV 
caLL EQNOUT 
DCR B 
JZ EXIT 
INX H 
JMP START 1 
BRRMSG2: LXI H, ERROR2 
MVI , 33D 
START2: OV DM 
CALL cénout 
DCR B 
JZ BXIT 
INX A 
JMP START2 
ERRMSG3: LXI H, ERROR3 
MVI H.33D 
START3: MOV a 
CALL cénout 
DCR B 
JZ EXIT 
INX H 
JMP START 3 
ERRMSG4: LXI H, ERRORG 
MVI B’ 33D 
STARTG: MOV a 
CALL cONOUT 
DCR B 
JZ EXIT 
INX H 
JMP STARTY 
ERRMSGS: LXI H, ERBORS 
MVI B, 33D 








STARTS: 


ERRMSG6: 
START6: 


ERRMSG7: 
START? s 


ERRMSG8:; 
STARTS: 


ERZT: 


STARTS : 


CONOUT: 


ERRO RG: 


0 OU UOUOO 
Oo om Wom 


CALL 


moO mwaM te 
mao wuwms 
HHYA<RNHH 


0 


D,M 
CONOUT 


B 
EXIT 
STARTS 
H, ERROR6 
B, 33D 
DM 
CONOUT 
EXIT 
STARTO 
H, ERROR? 
, 33D 
M 
CONOUT 
EXIT 
H 
START7 


| COMMAND BYTE RECEIVED IN ERROR...',ODH, OAH 
"PRAM1 BYTE RECEIVED IN ERROR...',0DH,QOAH 
"PRAM2 BYTE RECEIVED IN ERROR...',ODH,OAH 
"PRAM3 BYTE RECEIVED IN ERROR...',O0ODH,OAH 
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ERRORS: DB 'PRAM4Y BYTE RECEIVED IN ERROR...',ODH,OAH 
ERROR6: DB * PRAMS BYTE RECEIVED IN ERROR...*',QODH,OAH 
ERROR7: DB *PRAM6 BYTE RECEIVED IN ERROR...',O0DH,OAH 
ERROR8: DB "TERMINATION STATUS BYTE ERROR...',ODH,OAH 
COMP: DB ‘THIS COMPLETES INTVFY OF DISK...',ODH, OAH 


FINISH: 


org 


0 
O 
S 


TO 


1 >END INTVFY PGM. 
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ORG 30008 


Me He ee MEE He He He He He He HEM He He He He He He He EME He He AeAe eA He Me He He Wee He He he HEM he he He he he He He Me eK he He ke ee 
* 


THIS IS A SUBRCOUTINE TO EITHER READ OR WRITE TO THE * 
ein Tele Meas HARD DISK DEPENDING ON THE COMMAND * 
BY T IF THE COMMAND BYTE IS A 4EH IT IS A READ COM- * 
MAND OR 47H FOR A WRITE COMMAND..... * 
* 
2% 


MMA He He He He He He He He He He He Hee AE He He He He MEME Me He Mee Me He eM HEME MEME HE He He HEM ee he he Me He ee HK eK KK 


HEKHE EK E 


GOFGO8GFGe DVEGDEBHEGHGE GHG*HGSE 


NOP 
NOP 


ee a tg RR OR REA ERS LEELA SEER AR ERE EAE ES 
* INITIALIZE CONDITICNS BY PROGRAMING 8255 TO MODE 2, 
* CLEARING ACCUMULATOR, SETTING ACK/ ON AND SETTING 
2 PARAMETER COUNTER TO 6... 

Me He Me He He He He He He He He He He Me Me He He He He Me He He MAC he He MME He He Me He He he WAM He He He Hee ME Me Me MEM He He eM He He HE HCH He HK 


HEE 


2280 SFwWE SHEDS BEDS WEDS 


MVI A, 0018 *SET DISK CONTROLLER 

OUT O£SH *ENABLE PT.B 
READRITE: SUB A “CLEAR ACCUM. 

ADI 6 LOAD PRAM CT. 

MOV B, A 

MVI A, OCOH -PGM. 8255 

CUT Of78 >MODE TWO 

MVI A, 005H TURN ON ACK/ 

CUT O£5H PORT B 


Me He Me He Me He He He He He He He He He He He Me He Me He He HEME He He MEME He He He Me He HE HEME He He He MA He He MEM A eM Me MH He HH HK HH 


* 

* 

* READ STATUS ross AND See TO SEE IF DISK CONTROLLER 
rs eo NOT BUSY (CBUSY=1 FOLLOW BY CHECKING TO SEE IF 
Ps 
a 


HHRERE 


OST MAY SEND COMMAND BYTE (ORDY=1).... 
eM MK MM RH KH RM MK HM MM CM MONE Ey 8 OE SY ICME OE Oe NR OE EU Oo 


960g GO%4a8 O8GH GH GHG H GDS 


CALL CEUSY ;L1S CONT. BUSY? 
CALL ORDY s>READY FOR CMD? 


MH He BR Be He se he she He ae he Me he He He Me he He he 3h He MEM Me se HE Me Me He Me He He He Meme He He Me Mee Me He Hee He he he Hehe He He He HE HE HK He 
* 


pf 
° te 
;* LOAD READ CR WRITE COMMAND BYTE INTO DISK CONTROL PORT.* 
© Me whe peas he he he he ape he ape Be he he he he ah HE he he Me hehe He he ee he He ae Me He he He he He He He he Me Me He He Me he He He HIM He HK HH HK KH 


west Ge Beane dese Gee 


The T H,CMD -ADD. OF CMD BYTE 
MOV A.M >MOVE CMD TO ACCUM. 
OUT Of4H -PUT CMD TO OUT ET. 
MOV D/A SAVE ORIG. 

PUSH 6 “CMD. BYTE 

MVI A,0O01H # :TURN ACK/ ON 

OUT O£SH PORT B 

MVI A,001H ##;STROBE RSTR ON 
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OUT OE6H *TO CONT. PT. 

MVI A,0OOH :WSTR OFF 

GE Rgfusn | fnestORE ACK 

° ON 

OUT Of5H PORT B a 
 EERSAARAREAAAAS EHARRER ESS ERERARE HEAR ERRER ERR ER ERENT EHD ERE 
° ~ 
-# COMMENCE COMMAND VERIFICATION BY READING STATUS BY x 
_* FOR ORDY & IRDY... oer Baas * 
: * 
¢ RRERKAKKKAKKKARAARAK AKAKAKAKAAKAAKKKKAKKAKAKKKKAKKAKAKK KKRAK KK KKK KKRKKK KK 
; 
F CALL ORDY sREADY FOR CMD? 

CALL IRDY °CMD READY FOR READ BACK 


ila Mee she ae Me Be she He she He ske Bese pe Me ae ape he ae afe ae oe ae ae eke MK KK KKKKKKAKKRKKKKKKEKKKKKKKKKE 
¢ * 
> COMPARE RECEIVED CCMMAND BTYE WITH ORIGINAL PATTERN * 
;# TO VERIFY CORRECTNESS... * 
5 RANA HR AAHRAR RARER RARE EREERERR ERE RERR AREA BE AARRAR AREF 
e 

MV I A,004H :TURN DATA PULSE ON 

OUT O£6H "TO CONT. PT. 

MVI A,006H ‘TURN ON RSTR & DATA 

OUT 0268 >TO CONT. PT. 

MVI A,OO4H $3TURN OFF RSTR ONLY 

OUT 0 £68 "TO CONT. PT. 

4vI A,0Q0OOH :TURN OFF DATA 

OUT Of£6H TO CONT. PT. 

IN OE4H READ IN CMD. 

POP D >LOAD ORIG. IN D 

CMP D COMPARE COMMANDS 

INZ ERRMSG1 :FAIL? PRINT MSG 1 

PUSH OD >SAVE FOR RD WR DECISION 


ae she he ae he ee he He Hehe He Hee KH AA AAKAA KKAAKKKKAAKAKKKKKKKKKRKAKAKAKKAKKKKKKK KS 
x 


WRITE PARAMETER BYTE 1 CONTAINING HEAD ADDRESS AND * 
OUTPUT TO DATA PORT... * 


Fj 
Me Mee Hee He He Me eH ee KH HAMM AKAMA AK ARAKAKAKKKKAAKAKAKKKRKKAKKKKAKKKAKAKKKKEK KH 


WHERE EH 


Let H,PRAM1 -LOAD ADD. OF HEAD 
MOV A,M >PRAM1 VALUE TO ACCUM. 
OUT OfuH > OUTPUT PRAM1 TO DATA PT. 
MOV D,A “SAVE PRAM1 BYTE 

PUSH f ON STACK 

MVI A,001H TURN ACK/ ON 

OUT Of5H PORT B 

MVI A, O0O4H -TURN ON DATA LINE 

OUT 0 £6H >TO CONT. ET. 

MVI A,005H STROBE WSTR ON 

OUT 0£6H -TO CONT. PT. 

MVI A,004H “TORN OFF WSTR ONLY 

OUT 0 E6H >TO CONT. PT. 

MVI A,000H TURN OFF DATA LINE 

OUT 0 £6H °TQ CONT. PT. 

MVI A,005H “RESTORE ACK 

OUT Of5H EORT Be.e 
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¢ ERK AREKKKKKHK KKEKKKKKAKA KKKKAKHKKKKKSEKKKEKKK KKKK KKKKHKKKEKES 
% 
;* COMMENCE PARAMETER 1 VERIFICATION BY READING STATUS * 
;* BIYE FOR ORDY & IRDY. % 
. % 
© KAHEAKAKKAKKARKK KKK AKKAKKKAKKKAKKKKEKKKKKKKEKEKKEK KAKKKKAEKKHEKKSE 
‘ CALL ORDY ;HOST MAY SEND FRAM2 
CALL IEDY ;PRAM READY TO READ BACK 


SEEK AKKKKRKKHK KKK KKKHKAKKKKKKKKKKKKKKKAKKKAKKHKKKHK KEKHKKKKKKKEKSEK 
* 


* 
e READ BACK PARAMETER BYTE 1 FOR VERIFICATION... x 
KRKKAAARKKKKRKKKK KKKKKAKKKKKKREKKKAKKKKKKKKKKKKAKKKAKKAKHKKKK KKK 


SEQ eGEGEBEGDEPtEQ|’ DE 


MVI A,OOGH ;TURN ON DATA STROBE 
OUT 0 £68 °TO CONT. : 

MVI A,006H :TURN ON RSTR & DATA 
OUT O£6H °TO CONT. PT. 

MVI A,OOGH :TURN OFF RSTR ONLY 
OUT O£6H -TO CONT. PT. 

MVI A,OOOH :TURBN OFF DATA STROBE 
OUT O£6H TO CONT. PT. 

IN OF4H *LOAD PRAM1 ACCUM. 
POP D *LOAD ORIG. PBAM1 IN D 
CMP D *CCMPARE PRAMS 

INZ ERRMSG2 ;FAILED? PRINT MSG. 
DCR B >DCR PRAM COUNT 

JZ GOBYTE * LAST PRAM END PGM. 


hs dadadadhcadiaadadadadadiladindadadhdadhiadhtadatutatadadeadulatadhchindathtatitusbindechiitbthhinsbdbdateinihd’ 
°* 
*&k WRITE PARAMETER BYTE 2 CONTAINING LSB OF CYLINDER * 
-*% ADDRESS AND OUTPUT TO DATA PORT. IF PARAMETER 2 IS * 
-& IN OVERFLOW CCNDITION CARRY OVER TO PARAMETER BYTE 3 * 
;* AND CONTINUE WITH EXECUTION... * 
2 te kW HHH He HHH RAK HARK A HINA AA KK AKA RAK HE HKKKKRKAKK HAKKK KH 

ie 3 H,PRAM2 ;LOAD ADD. PRAM2 

MOV A.M °MOVE PRAM2 VALUE 

OUT 0 £44 -TO OUTPUT POR 

MOV D,A SAVE PRAM2 

PUSH D “VALUE IN STK. 

NVI A,001H ##:TURN ACK ON 

OUT Of£SH PORT B 

MVI A,OO4H  ;TURN ON DATA LINE 

OUT 0 £6H TO CONT. Pt. 

“VI A,OOSH :TURN ON DATA & WSTR 

OUT 0£6H >TO CONT. PT. 

MVE A,OO0O4UH :TURN OFF WSTR ONLY 

OUT 0£6H “TO CONT. PT. 

MVI A,OOOH ##:TURN OFF DATA STROBE 

OUT Of6H “TO CONT. PT. 

MVI A,005H RESTORE ACK 

OUT 05H PORT B 


Se ESE LLALL SUSE EREAE SEHR ESE SS FES EASE EEE AS SHE ESTERS 
x 
* COMMENCE COMMAND VERIFY FOR PARAMETER BYTE 2... : 
* 
4 


ee eke ee AKKKKKKKKKKAKKAKKKKAKAKKEKKKKKKKKKKKKAKKK KKKAKKKKEKEE* 
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CALL ORDY 


>HOST MAY SEND PRAM 
CALL IRDY ; ra 


3 
AM2 READY TO READ BACK 


Me Me Me MM Me Me Me Me Me Me Me Mee Me MME Me He Hee eM Me Me Mee Me He Me Me Me Me eM He He He He hc He he hese He oe ae se a HK kK 
* 


ox 

* 

: READ BACK PARAMETER BYTE 2 FOR VERIFICATION... * 
* 

¢ Me Me Me Me Me Me ee Me Me Me MM he MM Me HH MH MH HMA MAMA MH MKAK HK HMC HK HK HK HK eK KKK KKK KE EK 


MVI A,O0O4H  :TUBN ON DATA STROBE 

OUT 0 £6H °TO CONT. PT. 

MVI A,006H :RSTR & DATA ON 

OUT 0 £68 -TO CONT. PT. 

MVI A,OO4H  #:TURN OFF RSTR ONLY 

OUT 0 £6H *TO CONT. PT. 

MVI A,OOOH :TURN DATA OFF 

OUT 0f6H “TO CONT. PT. 

IN OE4H *LCAD IN PRAM2 
Se he He Me He he He Hc Hc HE he Mc Me cM Mee He Me Me Hc Me Mee He Me He she he Me Mc HE Mec eM hc Hc Me hc ee he eH Ke hc hc eae ee he ce Ka 
A * 
-* COMPARE PARAMETER BYTE 2 WITH ORIGINAL VALUE. IF # 
;* CHECK FAILS PRINT ERROR MSG. 3... * 
© i ea cA 2 2 ee eA ee a A i ER EE KEE 

POP D -GET PRAM2 VALUE 

CMP D “COMPARE TO ORIG. 

INZ ERRMSG3 :FAILED? SEND MSG. 

INR A °CHG. TO NEXT TRACK 

JC CARRY “OVERFLOW TO PRAM 4 

MOV M, “OTHERWISE SAVE PRAM2 

DCR B °IS THIS LAST PRAM? 

JZ GOBY *IF SO END PGM. 

JUMP CONTINUE :OTHERWISE CONTINUE 


LsumaHe a EE CEE EGO IE Ee OdOT iE eco addorcit cine aac 
° * 
>* THE CARRY ROUTINE IS UTILIZED IF PARAMETER BYTE 215 * 
ad IN OVERFLOW CONDITION TO INCREMENT PARAMETER BYTE 3.. PH 


a ne ee ee en ee EEE EES ae 


CARRY: LXI H,PRAM3 ;LOAD ADD. PRAM3 
MOV A, Ms >PRAM VALUE TO ACCUM. 
INR A INCREMENT PRAM3 
CEI 002H :IS THIS TRACK 579 
JZ EXIT ‘IF SO END PGM. 
MOV MA SAVE NEW PRAM3 BYTE 
2 eset III RIO 
ox a 
:* THE CONTINUE ROUTINE IS USED TO CONTINUE WITH READ * 
;* WRITE COMMAND. THAT IS TRANSMIT PARAMETER BYTE 3 + 
LEG EG EnE ET EE EEE SU EE EHO EH HCE eee iaebacieciacie 
" CONTINUE: LXI H,PRAM3 ;LOAD ADD. PRAM3 
MOV A,M ;MOVE PRAM3 VALUE 
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OUT OE4H >E0T PRAM3 OUTPUT PT. 
MOV D,A *SAVE PRAM 3 

PUSH OD - BYTE 

MVIT A,0O01H ;fURN ACK O 

out 0£5H PORT B 

NVI A,OO4H :;TURN ON DATA STROBE 
OUT 0 £6H "TO CONT. PT. 

MVI A,00SH :TURN ON WSTR & DATA 
OUT 0 F6H “TQ CONT. PT. 

MVI A,OO4H ‘TURN OFF WSTR ONLY 
OUT 0£6H *TO CONT. PT, 

MVI A,OQOOH :TURN OFF DATA STROBE 
ouT OF 6H “TO CONT. PT. 

MVI A,OO0OSH ‘RESTORE ACK 

OUT O£SH PORT B 


RAKMKAKKMKAMKAAAKKRKKKAKAKAKKCKKAMAKKCKKKMKKKKCKKAKKKAKKAKKAK KEKE KK KE & 
x 


™ 
x 
oe COMMENCE VERIFICATION OF PARAMETER BYTE 3.... 
rn re SOOKE SES ARES ESSERE ESS + 


St gesese Se se geese 


CALL CRDY HOST MAY SEND PRAM 4 
CALL IRDY ; PRAM3 READY FOR READ BACK 


ERIE IIIS EGE IEICE IEE IEEE CIE ICICI ICE ROCIO toh 11K 1 Ok 
* 


* 
: READ BACK PARAMETER BYTE 3 FOR VERIFICATION... : 
0 ke eH MAH HH MAMA AK AKA AKAARKA AHH AAA AK ARAARAKAR ARKH KK ARK HMA RH RH 


Se geSGe Geese Ge Geode we 


MV I A,0O4H ;TURN ON DATA LINE 
OUT OR6H “TO CONT. PT. 

MVI A,006H :TURN ON RSTR & CATA 
OUT Of6H *TO CONT. . 

MVI A,00OGH ‘:TURN OFF RSTR ONLY 
OUT 0 £6H “TO CONT. PT. 

MVI A,OOOH ‘:TURN OFF DATA LINE 
OUT Of£6H8 -TO CONT. 

IN OF4H LOAD IN PRAM3 


KMAKKAKAMCKMAAKKAKKKAKARKAK KKRAKAKKAMKAAK KKK AKKAKAKAKAA KKRARKKAKKA KH 


che 
te 
*® COMPARE PARAMETER BYTE 3 aati ORIGINAL PATTERN AND 
~ CONTINUE TO PARAMETER BYTE OR PRINT ERROR ASG. 
* 
ek 


HHH 


IF CHECK FAILS... 
MH MHA MAA MMA AKAM ACMA A MK MK AK AK AAAAK AA RK AA RHR ERK KK EE OK KK 


SeSeSoege Se Gest ge Staged 


POP D -PUT ORIG, PRAM3 IN D 
CMP D *COMPARE fwO VALUES 

INZ ERRMSG4 ;FAILED? PRINT MSG. 

MOV M,A SAVE PRAM 3 VALUE 

DC R B >DCR PRAM COUNT 

IZ GOBYTE :IS THIS THE LAST PRAM? 


ree 8 88S LOEE TEASER EASES ST AAAESS EAE ELER RE EES EERE 


9a 
x 
* WRITE PARAMETER BYTE 4 CONTAINING STARTING SECTOR * 
. ADDRESS * 
7: 3 


Seeaedse eae Geese sewge 


* 
Me she she Me ahe He he ae he Hee eH HH MT HI MIM MM HH HM He MM HM HH He RE ee 
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2 9) 


OS@ZORBOKOROBROBZUVURORK 
Sgadaqdqagaqagqocnorx 
HRHHMRHAHREHHBHHAHOY aHdkeH 


% 


PRAMY 


m™m 


e Ke « 


MONONONONOISC wees 


MmOmomomomome 
£ cmd 
a tX 


wm £ 
mm & 


© 
on 


OY OF OF O,POPOPrOa0 Or mi 
Wn 
so} 


Rie Go fe be hie fds 


AD ADD. FRAM4 

T PRAMS VALUE IN ACCUM. 
AMY OUT TO OUTPUT PT. 
VE PRAMG 


E 

RN ACK ON 
RT B 

RN ON DATA 
ONT. PT. 
WSTR & 


PT. 
TR ONLY 


WS 
- PT. 
F DATA LINE 
@ PT. 

CK 


@S@eee Beevede Ot 


ybDRrRHHHHuhHUHAOMoner 


LINE 
DATA ON 


SEB e G+ Ge BO OFeede Ge 


On OSoS ce ane aus 


He he he He Me Me Me MH Me Me Me ae Me Me MMM HH MM MM HK He HK HH KH MK HK RH K KH AK KK KK KH 
* 


° ae 
°* COMMENCE VERIFICATION OF PARAMETER BYTE 4 BY READING * 
;* STATUS BYTE FCR ORDY & IRDY... * 
[RIE EE EEE IOI Ia IE IIE IO III I Ia OI io oi 
: CALL ORDY >HOST MAY SEND BRAM 5 

CALL IRDY *PRAM4 READY TO READ BACK 
oa it heh $e he 2 2 tae 2 Ae 2 he 2a A 2 a i he 2 2 2 he a a a a a a 
: = am 
= READ BACK PARAMETER BYTE 4 FOR VERIFICATION....... . 
Ae MR A He Me ee He ee ee He He eM eH 28 AR A A NA A 0 a MR a a a oe a ae aa He 
: MVI A,OO4UH ;TURN ON DATA LINE 

OUT OE6H “TO CONT. PT. 

MVI A,QO6H ‘TURN RSTR & DATA ON 

OUT Of 6H *TO CONT. ; 

MVI A,OO4H ;TURN OFF RSTR ONLY 

OUT OE6H “TO CONT. PT. 

MVI A,OOOH ;TURN OFF DAT 

OUT O£6H “TO CONT. PT. 

IN OEFUH *READ IN PRAM4 


@2e@e 


HMR HE 


o MMM MK RRM KK KKK KAKARKAMAK KKKKKKKAKRKKKKKKKKAAK KKKAK KK KKK XKKKKAKE 


COMPARE PARAMETER BYTE 4&4 
CONTINUE TO PARAMETER BYTE 5 OR I 


MMA MMA HM MAK WKH MAK KK AK MK HH RH KAW RAK MK MH HK WMH MAKKAH KK MMH WMH RK HK 


* 


WITH ORIGINAL PATTERN AND * 
F FAIL PRINT MSG 5. : 


@Sesgesegesso 
HoOmaD 
“HHO 
& Did rt 
Oteobr 
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JASE EEO EE EEA AR IEEE ECE i Re RE EE 
: x 
2 WRITE PARAMETER BYTE 5 CONTAINING NUMBER OF SECTORS * 
-* TO BE PROCESSED. FOR THIS PARTICULAR CASE THIS SYSTEM * 
-* WILL ONLY WRITE OR READ ONE SECTOR AT A TIME THERE- * 
. FORE PRAMS= CMP cue 6 ouéo 6 okxece Se axe @  ¢ - 
. * 
KKK EKKKKKKRKEKH EKKKKKKAKKKKKKKKAKE KK KKEKKAKAKKKKKKKKKKKKKKK KK 

MVI A,001H  ;LOAD PRAMS 

OUT OF4H *TO OUTPUT PT. 

MVI A,001H  :TURN ACK 

OUT OFSH PORT B 

MVI A,OO4H ;:TURN ON DATA LINE 

OUT 0 £68 “TO CONT. PT. 

MVI A,00OSH :WSTR & DATA ON 

OUT 0 E6H >TO CONT. PT. 

MVI A,OO4H :TURN OFF WSTR ONLY 

OUT 0 £68 >TO CONT. PT. 

MVI A,OOOH :TURN OFF DATA LINE 

OUT OF6H *TO CONT. PT. 

MVI A,0OSH :RESTORE ACK 

OUT OfSH PORT B 


KKKRRKKKKKKKAK KKKKKKKKKKKSKKKKKKKKKKKKKKKKKKKKKKKKKKEK KK KK 


% 
* eB 
* COMMENCE VERIFICATION OF PARAMETER BYTE 5 BY READING *% 
* STATUS BYTE..... * 
* 


* 
Me Mee Hee he oe He eK KH KO EK RA EKEKKE PRES CRE AREKRREKREKR ERE 


;HOST MAY SEND PRAM6 
>PRAM READY TO READ BACK 


CALL ORDY 

CALL IRDY 

Me KK KH KK KKK KH KK AAR HARK KE KKK A KKK KH IKAKHK BKK KKK KK KKK KKK KK 
* 


* 
bs 

* READ BACK PARAMETER BYTE 5 FOR VERIFICATION..... * 
MM MM Me Me He Me MH eM He Meme Hee HK HMMA PK KCKKCKKKCRKKKKKRKRAKKEK CKKKKKKKKKKKWK KK 


Seweese®e sews SH ee Se 


MYT A,0OOGH :TURN ON DATA LINE 
OUT 0£6H “TO CONT. PT. 

MVI A,006H :RSTR & DATA ON 

OUT Of£6H -TQO CONT. PT. 

MVI A,OO4H :TURN OFF RSTR ONLY 
OUT Of6H *TO CONT. PT. 

MVI A,QOOOH :TURN OFF DATA LINE 
OUT 0f£6H “TO CONT. PT. 

IN OFUH READ IN PRAMS 


Me tek Hee He ee he He KKH KKK KKK HK HKKKKKKKKAKKKKAKKKRKAKKKKAKK KKKKKKKKKREK KH 
* 


COMPARE PARAMETER BYTE 5 WITH ORIGINAL PATTERN AND * 
fame TO PARAMETER BIYE 6 OR IF FAILED PRINT ERROR 


* 


ax 
« 
& 
* 
* 
* 
Me HE Bese Heke He Me ahe He Me Me He she MH He Messe Me she He Me Hesse whe Me Mee He eH HK HK KKK HK KKK KKCKHK KH KKK KKK KH 


Stuoewse @CGesse Sse ge ®t we St 


AIL? NT MSG 6 
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°C 
;TO ORIG, VALUE 
°F PRI 





DCR B >DCR PRAM CT. 
JZ GOBYTE ;LAST PRAM EXECUTE PGMs. 


2 oie ok i ee ee nee een ene eee 
© a 
-% WRITE PARAMETER BYTE 6 CONTAINING NORMAL/SPARED TRACK " 
!® AND DEPFECTIVE SECTOR ADDRESS. NORMALLY Now U USED BUT  * 
;* MUST BE TRANSMITTED ANYWAY. CONTAINS ALL ZEROS...... * 
‘ * 
= Me MMM MEH Me Me Me HEM He He Me He He He He He Me Hee Mee He He Hee He Mee He He Me esse he Me He He ae He he He ae he he ae he eM 3h he He he Me a ke 

MVI A,025H ;LOAD PRAM6 

OUT 0 £48 °TO OUTPUT PT. 

MYI A,OO1H :TURN ACK 

OUT O£5H PORT B 

MVI A,0O4H :TURN ON WSTR 

OUT 0 £6H *TO CONT. PT. 

MVI A,0OSH :TURN WSTR & DATA ON 

ouT 0£6H “TO CO 

MVI A,OO4H ‘TURN WSTR OFF 

OUT 0 E6H “TO CONT.PT. 

MVI A,OOOH :TURN OFF DATA 

OUT 0 £6H “TO CONT.PT 

MVI A,005H :RESTORE ACK 

OUT 0£5H PORT B 


WHE Me Me Me Me He He He He He HM He He HE He HEM Me He Me HM MM He He Bese He Bee He He He HEME He He He Ae he he He Mee He he He Hee he He He ee He 
* 


COMMENCE VERIFICATION OF PARAMETER BYTE 6 BY READING *% 
STATUS BYTE PCR ORDY & IRDY....... = 


B3 
TTT tri TtrT Ett tr er tttttrttt rt rr TrrTrLrrrt? Tt tr tort? fer St ttt 2 te 


— 


ALL ORDY 
ALL IRDY 


HOST MAY SEND GC BYTE 
PRAM6 READY TO SEND BACK 


He MEME He Me ee Me HU he He he Me Me He ee He he He he Mee He Me Mee Mee He He He he Me Me Me Me he Me He he He he Me he He He Me he che He he he ee eH 
x 


x 
4 
* READ BACK PARAMETER BYTE 6 FOR VERIFICATION.... * 
ME Me Mee Bee He He ae Bese He He hee Me Behe He He he He ese Be He Beate Be Berge se se fe Maye He He He He He Be he He Me He ae He Bee He hc he Me a He aK 


MVI A,O0O4H :TURN ON DATA LINE 
OUT 0 £6H “TO CONT.PT. 

MVI A,006H :TURN DATA RSTR ON 
OUT 06H -TO CONT.PT. 

MVI A,OO4H :TURN OFF RSTR ONLY 
OUT Of£6H °TO CONT.PT. 

MVI A,OOOH ‘TURN OFF DATA LINE 
OUT 0268 “TO CONT.PT. 

IN OF4H READ IN PRAM6 


He He He He He He He he He He he he He Me He Me He He Me He He ee He He BeBe he He He Me He He Mee she He He He he he He Hee ME He ME Hee he He He He eM HK 
* 


me 

° oe 

°* COMPARE PARAMETER BYTE 6 WITH ORIGINAL PATTERN AND * 
_ CONTINUE TO GO BYTE OR IF FAIL PRINT ERROR MSG. 7... Z 
© ote 


We eMC HEE He he He ee He He he ee Me He he He Me He Mee He ee ae ee he He he Me Me he He He Me He He He eI He He He He He He He He eK He 


SCseseStSedege Stueve 


sCCMPARE TO 24 
sFAILED? PRINT MSG. 
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DCR 


B sLS THIS LAST 
JZ GCBYTE 3Y 


ES GO TO EXECUTION 


KKKEKAKAKKKAAKAKKKKAKKKK KK KKKA KUKHK KK KKK AKKHKKAK HK HHWHK KK KKK KKKKE KK 
* 


2 

* OUTPUT GO BYTE TO DISK CONTROLLER. THE GO BYTE CAUSES * 
* THE COMMAND TO BE EXECUTED AND MAY CONTAIN ANY VALUE. * 
i. FOR SIMPLICITY THE GO BYTE WILL BE FFH...... 
* 


KRKAELAKKRKKKAKAK KKK AKKHKKKKKKKKKAKKHK KK KKKK KKK KAKK KH KAK KKK ARK KK 


% % 


SeSGseGeseSGeGe St ge SGtyse Ge 


GOBYTE: MVI A,OFFH -LOAD GO BYTE 
OUT O£4E -TO DATA PORT 
MVI A,001H STURN ACK ON 
OUT OESH PORT B 
MVI A,004H sTURN DATA PULSE ON 
OUT 0 26H “TO CONT. PT. 
MVI A,005H *TURN ON WSTR 
OUT Of6H *TO CONT.PT 
MVI A,004H “TURN WSTR OFF 
OUT OF6H TO CONT.PT. 
MVI A,000H *TURN DATA OFF 
OUT Of68 >TO CONT.PT. 
HVI A,005H * RESTORE ACK 
OUT Of54 PORT B 


Se eR AAA AA AAA AA ARK RR RAE CE EE EE EEE EE EE EE 
x * 


* THE DECISION ROUTINE DETERMINES IF THE COMMAND WAS A * 
* READ OR WRITE. IT THEN PASSES CONTROL OVER TO THE AP- * 
a. PROPRIATE MODULE FOR EXECUTION..... * 


* 
ee ee ee ee Oe eee OeEE SEES EERE PEREEES 


SBesese St upesesvesseGoeuege 


POP D ; RECOVER CMD. BYTE 
MOV A,D -MOV CMD. TO ACCUM. 
CPI 0478 : PEST FOR WRITE CMD. 
JZ WRITE “GO TO WR. MODULE 


8 ee I IOI I III IIR OI 
x 


>* THE READ MODULE READS THE STATUS BYTE AND DETERMINES 
* IF DATA IS REQUSTED OR ATTENTION I[S TRUE. IF SO DATA 

>* PORT PUTS BYTHt TO DATA BUFFER. (FOR DEMONSTRATION THIS * 
s DATA WILL BE FRINTED TO MONITOR CRT. .) 
;* 


MRC AKKAAAAKKKAKKAKKKKKKKKKKKKAKKKKKKKKKKKKKKHK KKKKAKKAKKK KKK KK KH 


HRER HEE 


LXI B,200H 
LXI H,.TABLE1 
READ: CALL STATUS :IS CONTROLLER BUSY? 

MV I A,OO4H :TURN ON DATA LINE 
OUT OF 6H TO CONT. ET. 
MVI A,006H :TURN ON RSTR & DATA 
OUT Of 6H TO CONT. PT. 
MVI A,QO4H {TURN RSTR OFF 

OUT Ob6H “TO CONT. PT. 
MVI A.OOOH :TURN OFF DATA LINE 
OUT Of 6H ; TO CONT.PT. 
IN OR4H “READ IN DATA BYTE 
MOV M,A 
MOV Di A 

CALL CONOUT 


719 





INX H 

DCR Cc 

JNZ READ 

DCR 

JZ EXIT 

JMP RE AD sGET NEXT BYTE 


REKKRKCK CH RKAA RK MKKKKKKHKKARRKCKKRKKKAK KKK AK KRKKK KRKK HK KAKHK KKK KK EH 


THE WRITE MODULE READS STATUS BYTE AND DETERMINES IF 
SET TO ONE. IF 
WRITES TO DATA PORT.... 


HH RHE 


° 

= 

7 * 

-* IF DATA REQUEST OR ATTENTION BITS ARE 

;* SO GETS DATA FROM BUFFER AND 

+ & 

’ 

WRITE: CALL STATUS 

Ger H, PROG 
MOV A.M 
OUT Of 4H 
MVI A,0018 
OUT OB5SH 
MVI A, 0O4H 
OUT Of6H 
MVI A, 0O5H 
OUT OB6H 
MVI A, OO4H 
OUT 6H 
MVI A, OOOH 
OUT £6H 
MVI A,005H 
OUT £5H 
INR M 
IME WRITE 


%: 


>* THE WALT STATUS 


S®eseseSe we DPe we BSeGQge BtQe we 


“+ ION BYTE. 

* CONTROLLER DATA 

;* MINATION PROTOCOL....... 

- 

WAIT: MVI B, OOCH 
LXI H, TABLE 
WAIT1: CALL cBUSY 

CALL IRDY 
MVI A. 004H 
OUT O£6H 
MVI A, 006H 
OUT O£6H 
MVI A,0O4H 
OUT Of6H 
MVI A. 000H 
OUT Of6H 
IN OEUH 
MOV M,A 
INX qi 
DCR B 
IZ EXIT 
JMP WAITI 
NOP 
NOP 
RST 1 


THIS BYTE IS ACCESSED BY 
PORT IN RESPONSE TO ATTN=1, 


Me MM HMM MM Me MM Me MH HM MM He HM MM He He MME MH MAM AM MH MRAM MMMM AMM MMAR KK MAM MRA MK & 


S 

O 

EXT BYTE 
UT PGM BYTE 

URN ACK ON 

PORT B 

; TURN ON DATA LINE 
‘TO CONT.PT. 

* TORN WSTR & DATA ON 
; TO CONT.PT. 

sTURN OFF WSTR ONLY 
LO CONT.PT. 

sTURN OFF DATA LINE 
-TO CONT.PT. 

* RESTORE 

PORT B 
‘ADD. 
;GET 


ye 
L 
N 
O 
c 


Seuetde gege 


ACK 


NEXT BYTE 
NEXT BYTE 


Des so SR rR ICI ICR RRO IRR ROR A tO to 
MODULE IS USED TO READ BACK 


READING FROM THE 
USING TER- 


Me He ae Mee Me he He He Me He MM MM MH MA MK RK HK KK MK KK MRKKKRKKHKK KKK KKRKK KKKREK ¥ 


;IS CONTROLLER BUSY? 
:TER. STAT. BYTE READY? 
“TURN ON DATA LINE 

;LO CONT.PT. 

TURN ON RSTR & DATA 
>TO CONT.PT. 

“TURN OFF RSTR ONLY 
;LO CONT. 

TURN OFF DATA 

TO CONT.PT. 

*READ IN TER.STAT.BYTE 


;TO CALLING PROGRAM 
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5 KERRRERAEREA ALS RERERERKE LAKE AKAAAAK ALK KRAAK ARES & A HKE SHE KH EH 
x 


*) 


ot THE CONTROLLER BUSY SUBRCUTINE Ts USED TQ DETERMINE IP * 
-* THE DISK CONTROLLER IS BUSY USY= 0) IF CONTROLLER * 
-* IS NOT BUSY CCNTROL IS RETUR BD TO MAIN PROGRAM AND * 
;* EXECUTION CONTINUES...... * 
ialadiadedadiahaahathathaitiaditia diacetate daaaiecetechadbdecediecidiaadatiededieeindadedadididbaladndndaaadadaaabiien 
® 
CBUSY: PUSH RB “SAVE 

PUSH OD “THE CONTENTS 

PUSH 4 “OF ALL 

PUSH PSW * REGISTERS 

CBUSY1: MMVI A,002H ‘:RSTR ON 

OUT Of 6H “TO CONT. EORT 

MVI A,OO00H :RSTR OF 

OUT O£ 6H "TO CONT. ET. 

IN OE4H READ STATUS WORD 

ANI 0108 "DOES CBUS Y=1 

CPI 0108 -OR NOT 

INZ CBUSY1 :GO BACK IF SO 

POP PSW 

POP 8 

POE D 

POP B 

RET 


MME MEME MH He He He He He Me He Me ah he He Me Me He Mesh hc he he He He eH He eH MH eM KKH HM KK KK KKK KK KK 


ox 
x 
;* THE OUTPUT READY SUBROUTINE IS USED 10 DETERMINE IF 
* THE DISK CONTRCLLEB IS READY TO RECEIVE A WORD FROM 
e THE HOST COMMUTER «cccvcvee 

& 


MMM MK He He MMH He Te MM ae Me he He He He MM He MK MM Hee Me eM he He He HE ae Be a ess ss ee ee ome Oe oe a OO 


KERNS 


SCoeoeee St eoesse Seve eo wege 


ORDY: PUSH B “SAVE THE 
PUSH OD “CONTENTS 
PUSH 4 “OF ALL 
PUSH PSH "REGISTERS 
ORDY1: MVI A,002H :RSTR ON 
OUT O£f6H :TO CONT.PT 
NVI A,OOOH :RSTR OFF 
OUT O£6H  :TO CONT. PT. 
IN OE4H :READ STATUS WORD 
ANI 002H  :DOES ORDY=1? 
CPI 002H ##:TRUE OR FALSE? 
INZ ORDY1 :BUFFER EMPTY 
POP PSW 
POP H 
POP D 
POP B 
RET 


a aceecellesaaheheetdbehdaabehdbdheiehdedataedaaadndaehdieandiedninindainaaeediabianeedaiar’ 
* 


-* THE INPOT READY SUBROUTINE IS TO DETERMINE IF THE DISK * 
CONTROLLER HAS A BYTE READY TO BE INPUT TO THE HOST... 


MMM Bere Me ek he Mek HK see He he he eM HK He HK HH HAKKAR KAK AK RKAKKKKKK RKKK KK AKAKKKKE KH 


Me 


BSegewee dt aoesdt ge dt woe se 


IRDY: PUS 7. 
PUS 3C 
PUS 20 


oD OC oo 
iti Oo 
@ceces 





PUSH  PSW *REGISTERS 
IRDY1: MMVI A,0O2H :TURN RSTR ON 
OUT Of6H ‘:TO CONT. PT. 
MVI A,000H i TURN RSTR OFF 
OUT Of6H TO CONT. PT. 
IN OFGH ##‘:READ IN STATUS BYTE 
ANI 001H :MASK IRDY 
CPL 001H  :FOR IRDY=1 
JNZ IRDY1 ‘IF NOT READY GO BACK 
POP PSW 
POP A 
POP D 
POP B 
RET 


RRARRKRRAARAKKARKARAEEA RARER HARE EO BEL EDLALADHERARRRAEE 


Ss 
x * 
;* THE STATUS SUBROUTINE DETERMINES IF ATTENTION OR DATA * 
i REQUEST BITS ARE SET... = 
° 


Send hte Aes RHEE RNOE Re KEE RENE EeeEETEEEEERE KERRERE 


STATUS: PUSH B 
PUSH OD 
PUSH 4H 
PUSH PSW 
STATUS1: MVI A,002H ;RSTR ON 
OUT Of£6H TO CONT. PT. 
MVI A,OOOH :RSTR OFF 
OUT 0f6H TO CONT. ET. 
IN OERGH READ STAT. BYTE 
MOV D,A *SAVE BYTE 
NVI A,O80H :LOAD MASK 
ANA D *PERFORM TEST 
CPI 080H 
Jz WAIT -IF TRUE GO TO WAIT 
HVT a ,0208 >LOAD MASK 
INZ STATUS1 ;GO BACK CTHERWISE 
POP PSW 
POP H 
PCE D 
POP B 
RET 
, 
ERRMSG1: LXI H, ERROR1 
MVI B, 35D 
START1: MOV DM 
CALL cCONOUT 
DCR B 
JZ EXIT 
INX H 
JMP START1 
ERRMSG2: LXI H, ERROR2 
MVI B, 33D 
START2: MOV DM 
CALL cONOUT 
DCR B. 
JZ EXIT 
INX H 
JMP START2 
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@eewe 


@weede 


@oede 


aes 


ERRMSG3: 
START3: 


ERRMSGS4: 
STARTS: 


ERRMSGS: 
STARTS: 


ERRMSG6: 
START6: 


ERRMSG7: 
START? 3 


ERRMSG8: 
STARTS: 


Baek ¢ 


STARTS : 


H, ERROR3 
B, 33D 


DM 
cONOUT 
EXIT 
START3 
H, ERROR4 
B, 33D 
D,M 
cONOUT 
EXIT 
STARTS 
H, ERRORS 
B, 33D 
D,M 
cONnour 
EXIT 

H 

STARTS 
H, ERROR6 
B,33D 
D,M 
cONnoor 
EXIT 
START6 


H, ERROR7 
30D 


D.M 

co Nour 

EXIT 

START7 

H, ERRORS 
4D 


DM 
coNoUur 
EXIT 
ST ARTS 











JMP STARTY 


CONOUT: IN OEDH 

ANI 000000018 
CPI 00000001B 
JNZ CONOUT 
MOV A,D 
OUT OfCH 

RET 

; O%esn: DB OOEH 

’ PRAM1: DB 00H 

, PRAM2: DB 00H 

s PRAM3: DB 008 

, PRAM4: DB 00H 


ERROR1: DB "COMMAND BYTE RECEIVED IN ERROR...',ODH,OAH 
ERROR2: DB *PRAM1 BYTE RECEIVED IN ERROR...*,0ODH,OAH 
ERROR3: DB *PRAM2 BYTE RECEIVED IN ERROR...*',0ODH, OAH 
ERRORY: DB *PRAM3 BYTE RECEIVED IN ERROR...*',ODH, OAH 
ERRORS: DB ‘PRAM4 BYTE RECEIVED IN ERROR...',O0DH,OAH 
ERROR6: DB ‘PRAMS BYTE RECEIVED IN ERROR...*',0ODH,OAH 
ERROR7: DB *FRAM6 BYTE RECEIVED IN ERROR...',0ODH,OAH 
ERROR8: DB "TERMINATION STATUS BYTE ERROR...',ODH,OAH 
COMP: DB ‘THIS COMPLETES RD/WR CMD.......-',ODH, OAH 


TABLE; DS 12 
TABLE1: DS 512 
PROG; DB 00 


5G AC A PM ICE HC A HH CM he HCE HE HE EE A ee EE SE RO SL Om OG OK ROR 


te 

* * 
;™ THE FINISH ROUTINE PROVIDES A PRCGRAMBMED RESET FOR * 
* THE DISK CONTRCLLER WHICH AUTOMATICALLY INITIALIZES * 
‘i THE CONTROLLER AFTER EXECUTION OF EACH COMMAND... 5 
™ % 


He He He He He He He he hc He He he He she He He He he He He He He Me He He Mee He Me He He Me He Hee He He He Meme He He He He He He Me Mee He ee MK eK 


S@teaetsdte eae Ste ge @F*aese 


FINISH: M VI A,000OH ;:PULSE ENABLE 
OUT OfSH “ON PT. B 
MVI A,0O1H :TURN OFF ENABLE 
OUT O£5H PORT B 
NOP 
RST 1 
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